When the Gatling gun was intro- 
duced in 1862, it was so far ahead of its 
time that the U.S. military didn’t even 
know how to make use of it. It began 
its glorious career as a cumbersome, lit- 
tle-used artillery piece before militaries 
worldwide recognized the tactical 
value of such a powerful, high-rate-of- 
fire, multibarreled gun. By the turn of 
the century, however, the gas-operated 
machine gun had made the Gatling 
obsolete. 

But the concept refused to die. The 
Gatling would lie dormant for almost 
forty years, until fighter jets that could 


fly near the speed of sound defined the 
need for an externally powered aircraft 
gun system capable of ultrahigh rates 
of fire. 


Today, the Gatling—in the form of 
the M61A1 Vulcan and its derivatives— 
has truly come into its own as a vital 
component of our nation’s tactical war- 
fare capability. Its modern applications 
range from air-defense systems to 
close-in ship defense systems to satura- 
tion gun systems to antitank gun sys- 
tems and even portable infantry 
weapons. It has played a critical role in 
nearly every conflict from the Korean 
War to the Persian Gulf and sees cur- 
rent use on dozens of U.S. and Allied 
weapons platforms. 

Here is the story of a truly timeless 
weapon, from its inception during the 
Civil War to its current role as a state- 
of-the-art modern combat system. 
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7 Richard Jordan 
Gatling 


ichard Jordan Gatling was born to Jordan and Mary : 
Gatling on the family plantation in North Carolina on 12 : 
September 1818. The new Gatling baby was fortunate, : 
for he had been born to one of the wealthiest families in | 
: the area, and his father was a man of above-average | 
: intellect and mechanical aptitude. In addition to prospering as a | 
: farmer and landowner, Jordan Gatling, a man of self-made wealth, : 
: was also a master blacksmith and carpenter. Watching him work 
: endowed young Richard with an appreciation for mechanisms and 
: fine workmanship. Spending the first twenty-six years of his life on 
: and around the family plantation allowed Richard not only to attend 
the Buckhorn Academy (one of the better schools in rural North 
: Carolina), but to gain an appreciation for how machinery might ease 
: man’s burden. 
Richard’s aptitude for invention surfaced in 1835, when he was 
: seventeen years old. While in Virginia on family business, he ob- 
: served U.S. Navy tests of several new ship-propulsion concepts, none 
! of which were successful. His mind went to work on the problem, 
: and he created a screw-propeller concept. Unfortunately, a Swede 
: named John Ericcson had the same idea and secured a patent before 
: Gatling could. (Ericcson became wealthy as a result and went on to 
: build the world’s first ironclad warship, the Monitor.) 


Gatling’s Early Success 

Undaunted, Gatling patented both the concept and a detailed 
i design for a rice planting machine in 1839. (Having learned from his 
loss on the screw propeller, Gatling developed a lifelong pattern of 
: patenting all ideas immediately.) 

In 1844, Gatling moved to St. Louis, where he spent the next three 
years. He began to manufacture and market his planting machine in 
? 1845 and became a wealthy man. On one of his marketing trips dur- 
ing the winter of 1845-1846, Gatling contracted smallpox and nearly 
: died. During his lengthy recovery, he no doubt spent a good deal of 
time pondering the deficiencies of mid-nineteenth century medicine. 
! (He had already lost two of his younger sisters to disease when he 
became ill; the third died shortly after his recovery.) 
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Medical School 
These events probably combined to kindle Gatling’s interest in ; 
medicine. At the age of twenty-nine, he was a wealthy man who could : 
do almost anything he desired. He decided to study medicine, attend-_ 
ing both Indiana Medical College and Ohio Medical College over a | 
period of two and one-half years. No evidence exists to verify that | 
Gatling earned a degree in medicine or ever practiced. Nonetheless, 
he always used the title “Doctor” after leaving Ohio Medical College. 


More Inventions 
Gatling’s propensity for invention had continued to manifest itself : 


Machine Gun : while he studied medicine. When he neared completion of his studies : 
: at Ohio Medical College in late 1849, he attempted to patent a com- 
: pressed air distribution system. Although the U.S. Patent Office disap- : 
: proved his patent request, claiming that the concept did not qualify as : 


‘ an invention, Gatling developed a lifelong interest in the applications 


of compressed air and steam. Many of his subsequent inventions uti- 
lized one or the other. 


The Indianapolis Years 
After leaving Ohio Medical College in 1849, Gatling settled in : 
Indianapolis, Indiana, where he would spend the next twenty years. : 
During the 1850s, he spent most of his time speculating in real estate : 
and railroad ventures, none of which did very well. In 1854, at the age 
of 36, he married Jemima T. Sanders, the daughter of an Indianapolis 
physician. 
In the late 1850s, Gatling’s attention again turned to invention. He 
patented five inventions in 1860, beginning a pattern that would be : 
repeated throughout his life: when ideas struck him, they apparently : 
did so in waves. His life is characterized by a series of multiple patent | 
applications, no doubt inspired by bursts of creative genius. 
With the exception of the screw propeller, all of Gatling’s inven- 
tions up to this time had been related to farm machinery and were 
driven by the needs of the era. If one accepts the premise that neces- 
sity is the mother of invention, it is only logical that the events begin- | 
ning on 15 April 1861 led to what is perhaps Dr. Gatling’s most well- | 
known invention, the Gatling gun. On that date, Abraham Lincoln : 
declared the United States to be in a state of insurrection, and the Civil 
War began. 


The Civil War and the Gatling Gun 
At the beginning of the Civil War, the Union faced a curious 
dichotomy with respect to its weapons procurement policies. | 
President Lincoln and other senior government officials openly | 
encouraged the invention of new weapons to give the United States a | 


: technological edge and a speedy victory. However, Col. (later Brig. 
: Gen.) John W. Ripley, the army’s chief of ordnance, strongly resisted 
: any move away from standard-issue weapons. 

Gatling invented his gun just a few months after the Civil War start- 
: ed. He had the prototype built in late 1861 or early 1862 and held firing 
: demonstrations before prominent Indianapolis-area politicians and mil- 
: itary officers. The reaction was generally favorable, but sales were slow. 
One reason for this was the opposition of Colonel Ripley. Gatling 
' circumvented this by demonstrating the Gatling gun to Maj. Gen. 


: Benjamin Butler in 1863. Butler was so impressed that he immediately : 
: purchased twelve of the thirteen prototypes and used them in the | 
: Battle of Petersburg in June 1864, the first documented use of the } 
: Gatling gun in combat. All of this was handled informally, however. : 
: None of Butler’s actions were sanctioned through the army’s normal : 


: ordnance procurement channels (i.e., through Colonel Ripley). 


Unlike the army, the navy agreed to a formal demonstration of the : 
: Gatling gun. Adm. John Dahlgren (chief of the Navy Bureau of 


: Ordnance) personally observed the trials held in the Washington Navy 
: Yard in May and July of 1863. Dahlgren was impressed and authorized 
: fleet commanders to purchase Gatling guns if they so desired. 

Gatling also tried to sell Gatling guns overseas during this time. 
: Before a sale to France went through, however, the United States pro- 
: hibited selling weapons to foreign nations for the remainder of the war. 
Other reasons the Gatling gun saw limited acceptance and use dur- 
: ing the Civil War included the military’s lack of knowledge about 
: machine guns, both from a mechanical and a tactical perspective, and 
: the poor reliability and hazardous operation of other early machine 
: guns. Also, Dr. Gatling’s sympathies were rumored to be with the 
: South. Some even believed that the first Gatling guns were manufac- 
: tured in Cincinnati because of its close proximity to the Confederacy. 
: No evidence was produced to substantiate the rumors, although their 
: origins are understandable, considering Gatling’s Southern roots. Still, 
: Gatling never attempted to market his weapon to the South, even 
: when he received a less-than-enthusiastic response from the Union 
: army. The South traded materiel of war freely with European nations, 
? and it would have been to Gatling’s advantage to align himself with 
; the Confederacy to further his plans for foreign sales. But since 
? Gatling’s first military sale was to Maj. Gen. Benjamin Butler, who was 
particularly despised by the South, the rumor’s credibility seems ques- 
! tionable at best. 

: The question of Gatling’s allegiance became moot on 9 April 1865, 
? when Lee surrendered to Grant at Appomattox and the Civil War ended. 
On 9 May 1865, Gatling patented an improved version of his origi- 
' nal gun that used modern cartridges instead of individually loaded 
chambers. Maj. Gen. A.B. Dyer, who replaced Ripley as chief of army 
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ordnance after the war, greeted the new Model 1865 with a more 
receptive attitude. 

He ordered official trials of the Gatling gun in January 1865, and in 
August 1866, the U.S. Army officially approved use of the Gatling gun. 


Overseas Marketing Successes 
Acceptance by the U.S. Army was a major selling point in pursuing 
other contracts and proved to be a major factor in the success of the 
Gatling gun. 
Gatling spent most of the remainder of the 1860s traveling 


: throughout Europe, demonstrating the gun to military and other gov- 


ernment officials. The first overseas military sale was to Russia in 1867. 


The Colt Connection 

Gatling moved from Indi- 
anapolis to Hartford, Con- 
necticut, in 1870, once his 
extensive overseas market- 
ing effort had _ gained 
momentum. By that time, he 
had struck an exclusive deal 
with the Hartford-based Colt 
Company for the domestic 
production of Gatling guns, 
and he wanted to be close to 
the production base. 


More Inventions 

Over ine fmext several 
years (through the mid- to 
late 1880s), Gatling spent 
most of his time marketing 
and developing new models 
of the Gatling gun. His pen- 
chant for invention was not 
restricted solely to the Gat- 
ling gun, however. 

In the late 1870s, he fo- 
cused on a torpedo gun 
desioned to launch a.1.45- 
inch projectile from a 50- 


Figure 1. Dr. Richard 


! Jordan Gatling and 


one of his Gatling 
guns from the original 
Gatling Gun 
Company archives. 
(Photo courtesy of the 
Connecticut State 
Library and Museum.) 


inch barrel (a very long barrel in those days). Unfortunately, the gun 
: burst a barrel and injured a gunner during testing in late 1881, and the 
: project ended shortly thereafter. 

Undaunted by the failure, Gatling began work on a new weapon. 
In 1883, following up on his fascination with steam and compressed 
air, Gatling invented a single-barreled machine gun that could use 
either steam or compressed air to operate. Building on this concept, 
he also invented a loading system that could be operated by steam or 
compressed air. The new gun and its loading system were patented 
separately on 10 February 1885. 


Gatling also developed a variety of new Gatling gun models offer- : 
: ing improvements in mounts, sights, elevation and traversing systems, : 
: and barrel configurations. New models were developed for special- : 
: ized applications, including police duty, naval use, and lightweight | 
: guns for light infantry units (see Chapter 3 for a complete discussion : 


| of the different Gatling gun models). 


By the late 1880s, Gatling was more than seventy years old, but the 


: pace of his inventions and patents suggests that his mind had not slowed 
: at all. As had occurred at earlier times in Gatling’s life, his creative genius 
: again flourished with a machine-gun-like volley of new inventions. 


The Electric Gatling Gun 
In 1890, the U.S. Navy contracted with the Crocker-Wheeler 
: Electric Motor Company of New York City to develop an electrically 
: powered Gatling gun. Although the results were impressive, the navy 
: expressed no further interest in the project. 
Gatling, however, took a keen interest in it. His concept for an 
: electric Gatling gun emerged three years later, on 25 July 1893, when 
: he patented his version. Like the navy’s Crocker-Wheeler electrically 
: powered Gatling gun, Gatling’s design was intended for use on ships. 
: The reasons for this were simple: ships could supply electrical power; 
: the army’s infantry and artillery units could not. 
One of the most significant differences between the navy’s version 
: and the one Gatling patented in 1893 was that Gatling’s had a firing 
: rate of 3,000 shots per minute, compared to 1,500 shots per minute for 
: the navy’s (interestingly, both rates are within the range of today’s 
' modern Gatling guns). Both rates of fire were incredibly high for the 
' era, which probably contributed to the demise of the concept. In those 
Z days, there simply was no need for firing at such a high rate. In addi- 
: tion, supplying ammunition to such a system prevented severe logisti- 
' cal problems. For the next few years, Gatling, by now in his mid-sev- 
' enties, turned to other projects. 
In 1891, the American Association of Inventors and Manufacturers 
! was founded in Washington, D.C., and Gatling served as its first presi- 
: dent (an indication of the status he enjoyed in the industrial and tech- 
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nical communities of the era). In 1897, at the age of 79, he and his 
wife left Indianapolis and moved in with their daughter and son-in- 
law, Ida and Hugh Pentecost, in New York City. 


The Final Years 

In the later years of his life, Gatling focused on inventions and 
business ventures related primarily to agriculture, although there were: 
exceptions. Around 1900, he began to suffer from a heart condition, : 
although the problem had little effect on his creativity. He continued : 


: to patent a flurry of inventions until 1902, when he moved to St. Louis : 
: and organized the Gatling Motor Plow Company. It was only a few : 
MachineGun : months, however, before he fell ill and returned to New York. On 26 : 


February 1903, at the age of 84, Richard Jordan Gatling died. He was 
: buried four days later in the family cemetery in Indianapolis. 


cuwaEes ) The Gatling 


Principle of 
Operation 


ichard Jordan Gatling stared at the Union black-pow- : 

der rifle in front of him. It was slender and graceful, ‘ 

yet lethal. Although a skilled rifleman could use it to : 

kill a man at 100 yards, Gatling knew that it was ' 

painfully slow to load, and once it had fired, its owner ' 

“was completely exposed during the reloading process. ' 

Gatling had studied several weapons that could fire repeatedly, includ- ' 

ing the ill-fated “Coffee Grinder” and the French Mitrailleuse, but all 

had serious defects. The Coffee Grinder jammed frequently, and it had 

been known to blow up and kill its gunners. The Mitrailleuse was noto- 

riously unreliable, and Union officers refused to even consider it. Early 

casualties in the war between the states were high, and Gatling knew 

that the Union forces needed new weaponry if the war was to be 

brought to a speedy close. Lincoln himself had encouraged the develop- 

ment of new armaments. Perhaps, Gatling reasoned, if a new weapon 

could fire rapidly enough, it would be so formidable that men would 

recognize the futility of war and abandon the idea of armed conflict 
entirely. 


Fundamental Concepts 
The original Gatling gun used a percussion firing system. All sub- 
: sequent models (starting with the Model 1865) used metallic car- 
: tridges. 


The Percussion Firing System 

When most people think of loading a gun, they visualize it as a 
' simple operation in which cartridges are inserted into the weapon (or 
ae magazine). Most understand that the cartridges of modern weapons 
: include both the bullet and the gunpowder. This simplicity of opera- 
' tion was not always the case. Earlier shooters had to use a much more 
complex percussion firing system. Unlike today’s guns Gnost of which 
' use metallic cartridges), shooters with percussion firing guns could 
' not simply load a cartridge into their guns and fire. Instead, percus- 
‘ sion shooters had to load the primer, gun powder, and bullet into their 
guns separately for each shot. 


Figure 2 shows the basic elements of a percussion firing system, Figupe2eMenqusston 
which consists of a gun barrel and a nipple (the nipple is an extension | ae system opera- 
with a channel. ; 
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Loading began by placing a percussion primer on the nipple (as 
shown in the upper left portion of Figure 2). Black powder was then 
loaded into the barrel from the muzzle and tapped down prior to 
installing the bullet. The bullet (usually a round lead ball) was pressed 
into the barrel, again from the muzzle end (for this reason, percussion 
weapons are often referred to as “muzzleloaders”). Once the bullet 
was fully seated against the powder, the weapon was ready to fire. 

A percussion weapon was fired by cocking the hammer and then 
releasing it to strike the percussion cap. The percussion cap contained 
a small quantity of an impact-sensitive material, which detonated 
when the hammer struck the cap. This detonation sent shock and heat 
waves through the channel in the nipple to the black powder. When 
the black powder ignited, it developed high pressure, which drove 
the bullet through the barrel with enough velocity upon exiting to 
continue its flight to the target. As the bullet moved down the barrel, it 
was engaged by spiral grooves machined into the barrel’s inner sur- 
face (these grooves are called “rifling”), which imparted a spin to the 
bullet. The spin stabilized the bullet, making it more accurate. Once 


Figure 5. Paper- 
patched bullets. The 
paper bullet patch 
engaged the rifling 
and also contained 
gunpowder to propel 
the bullet. When the 


gun fired, the primer 


burned through the 
paper to ignite the 
powder. 


, the bullet had left the bore, the spent percussion cap could be 


removed and the loading and firing process could begin again. 


Army Weapon Preferences 
During the Civil War, percussion weapon systems were standard- 
issue items (even though completely self-contained metallic cartridges 


2 had already been invented, the Union army had not yet adopted the 


concept). 
A refinement of the percussion priming system that bridged the 


gap between percussion priming and metallic cartridges had been at ; 
: least partially accepted by the Union army. It involved the use of inte- | 
: gral paper-patched bullets and powder charges. Figure 3 shows the | 
: paper-patched bullet and powder concept. Paper-patched bullets and | 
: powder charges were loaded as a single unit into the muzzle of the : 
: gun (thereby eliminating the need to carry and load bullets and pow- : 
: der separately). When a gun loaded with these cartridges fired, the : 
: percussion primer gas jet perforated the paper bag attached to the bul- — 
: let to ignite the powder. The gun then operated in the same manner 


described earlier. 

Gatling recognized the futility of proposing a gun with metallic 
cartridges to the Union army and therefore opted to develop his first 
Gatling gun with paper-patched bullets and powder charges. He 
developed the first Gatling gun in 1862, accordingly designating it the 


: Model 1862. It was to be the only variant of the Gatling gun that did 


not use the more modern metallic cartridges, and because of that, cer- 


tain features of its operational sequence differ from later models. 


Nonetheless, its operation is worth studying, as it provides insight into 


: the mechanical genius behind the weapon and a fundamental under- 
: standing of the operational concepts behind all future Gatling guns 
: (including those used in many of today’s modern weapon systems). 


Gatling Gun Operation 
As the above description demonstrates, the loading and firing of 
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: To understand how 
: this 
: must first be familiar 
: with another impor- 
: tant mechanical con- 
: cept, the principle of 
* the cam. 


percussion weapons was a slow and cumbersome operation that left 
the gunner essentially defenseless during the reloading operation. 
This disadvantage was primarily responsible for the advent of metallic 
cartridges. The complexity of the reloading process was also a major 
design challenge in developing a high-rate-of-fire weapon, as were 
the cocking, hammer release, and recocking actions. 

The elegance of the Gatling gun design is that the steps involved 
in loading and firing 
occur automatically. 


Cam Follower Motion 


“Ze 


occurs, one 


A cam is simply a 
device that trans- 
lates motion in one direction into motion in another direction (see 
Figure 4). It involves the motion of an inclined surface, which is then 
used to drive a follower. If the inclined surface is wrapped around a 
rotating surface, the rotating element can be used to create a back- 
and-forth (or reciprocating) motion in the follower. This is the con- 
cept Dr. Gatling used to drive the mechanism of the Gatling gun. 

The problem Dr. Gatling solved was generating the reciprocating 


Figure 4. The concept 
of a.cam. As the cam 
moves with respect to 
the cam follower, the 
cam follower will 
move in accordance 
with the profile of the 
cam. 
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motion required to step through the actions of firing a gun. This cam- 
driven concept is shown in Figure 5, wherein the position of the gun 
mechanism is shown at successive stages of the firing process. In the 
first position, the gun drive mechanism is near the most narrow por- 
tion of the inclined cam surface. 


Figure 5. Gatling fir- 
ing sequence. As the 
gun mechanism 
rotates, the bolts are 
driven back and forth 
by the elliptical cam 
path. 


Figure 6. Gatling 
cam-path-driven 
operation. As the gun 
mechanism rotates, 
the cam follower 
moves the bolt back 
and forth, accom- 
plishing the Gatling 
gun firing sequence. 


Note that there are two ways a cam can be used to create recipro- 
cating motion: the cam can be driven to actuate the followers, or the 
followers can be driven while the cam is held stationary. Dr. Gatling 
chose the latter approach, for reasons that will soon become obvious. 

As the gun mechanism moves with respect to the cam, the ham- 
mer is pushed back, compressing a spring and cocking the gun. When 
the hammer is fully rearward (and its drive spring fully compressed), it 
encounters a sharp step on the cam profile. The cam step is a release, 
and it allows the drive spring to snap the hammer into the percussion 
cap. This fires the gun. 


In our discussion above (and in Figure 5), we depicted a stationary | 
cam surface, aswell as a gun barrel and firing mechanism that moved : 
with respect to the stationary cam. It involved a flat cam surface and a | 
lateral motion of the gun along this surface. Let’s take this one step : 
further. Suppose the entire gun mechanism (moving gun barrel and | 
action and cam) is wrapped around a shaft parallel to the gun barrel 


(as shown in Figure 6). The barrel, hammer, and other elements of the 
gun’s action would then revolve around this central axis. Suppose fur- 
ther that the cam is wrapped around the interior of a stationary cylin- 
drical housing at the rear of the gun. We’d then have a design in which 
the gun barrel and action spun around, and the action was driven 
through the firing steps by the stationary cylindrical cam inside the 
rear housing. While completing its journey around the inside of the 
housing, the cam would cock and release the hammer, just as was 
described earlier. 

Once the gun operation and rotary 
gun mechanism/stationary cam concepts 
Bolt are understood, the remaining theory of 
the operation of the Gatling gun is 
straightforward. All that’s involved are the 
additional actions required to load the 
gun prior to firing and eject the spent car- 
tridge after firing. 

The design need not be restricted to 
only one gun action and barrel. Other ac- 
tions and barrels can also mount on the 
central axis, and these can make the circu- 
— Gun Mechanism | ‘ar journey around the stationary cam si- 
multaneously. The number of additional 
actions and barrels is constrained only by 
size (how many will fit around the axis and the stationary cam) and 
weight (if the gun design is limited to a specified weight). The first 
Gatling gun (the Model 1862) had six barrels, but it could just as easily 
have had more or fewer. 

To simplify our discussion, let’s follow the path of one barrel and 
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action around the circular cam. The Model 1862 operated with five 
basic steps: 

e loading 

e compression 

e locking and firing 

© unlocking 

e ejecting 

Each step occurred as the Gatling gun mechanism revolved inside ; 

the stationary, circular cam path. The mechanism was driven by the : 


: familiar small hand crank at the rear of the weapon. When the crank | 
: was turned, a small pinion gear on the end of it engaged a larger ring | 
: gear on the cluster of gun barrels and actions. This large ring gear was : 
: fixed to the main shaft of the gun. When the main shaft rotated, the ; 
: entire barrel assembly and all of the other moving parts (each barrel’s | 
: actions, etc.) rotated counterclockwise (as viewed from the muzzle : 
‘ end). As these components moved, followers in each barrel’s action 


followed the circular cam path in the stationary rear housing. 


Loading 

At the beginning of this chapter, we described how a basic percus- 
sion-fired weapon operates and then progressed into an explanation of: 
paper cartridges. As you will recall, the first steps required placing a per- 
cussion cap on the nipple and a paper cartridge and bullet in the barrel. 
Gatling recognized that these actions could not be easily accom- | 
plished while the gun mechanism he envisioned was spinning around 
a circular cam path. It would be difficult to ram paper cartridges into a | 
spinning barrel and delicately place the percussion caps on moving | 
seats. Gatling solved the problem by preloading steel chambers with | 
paper cartridges, bullets, and percussion caps, and then loading these | 
into the Gatling gun feed mechanism. 
These preloaded steel chambers have been described as miniature | 
guns. In a sense they were, but they could perhaps be more accurate- | 
ly described as predecessors to the metallic cartridge. They were self- | 
contained units with a projectile, propellant, and primer, invented | 
solely to simplify loading. Metallic cartridges were smaller and easier | 
to load, but the concept was nearly identical. 
The Model 1862 Gatling gun had a small hopper on top of the | 
gun mechanism (near the rear). A quantity of the preloaded steel | 
chambers was placed into the hopper, and as the gun mechanism 
turned, the chambers fell into grooves in the gun’s rotating mecha- | 
nism. The gun had a grooved slot for each barrel. When each } 
groove passed approximately through the two o'clock position, : 
one of the preloaded chambers from the hopper dropped into | 
place. The groove aligned the preloaded chamber with the bore of 7 
the gun barrel so that when the chamber fired, the bullet had a ; 


straight shot into the barrel. As the gun mechanism turned, each 
preloaded chamber traveled with its barrel, remaining in constant 
: alignment with it. 


Compression 
As the gun mechanism continued to rotate, a protrusion on the 
: hammer engaged the cam surface. At this point, the lock cylinder actu- 
: ated. The lock cylinder consisted of a tube containing a hammer and a 
? compression spring. A protrusion on the hammer extended through a 


: groove in the lock cylinder tube to contact the circular cam path. As : 
: the gun mechanism continued to rotate, the hammer spring ap- ; 


proached full compression (near the twelve o’clock position). 


Locking and Firing 


Just prior to reaching the twelve o’clock position, the rear of the : 
: lock cylinder contacted a small raised surface in the rear of the hous- : 


: ing, formed by a hardened steel insert in the plate behind the gun 
: mechanism. The insert was designed to force the lock cylinder for- 
: ward, which in turn forced the preloaded chamber against the rear of 
: its gun barrel. This caused the forward surface of the preloaded cham- 
: ber to bear down against the barrel, “locking” it into position and 
: forming a better seal. The concept was to effect a better seal, thereby 
: minimizing the escape of propellant gases and providing for higher 
: bullet velocity. 

As soon as locking occurred, the hammer protrusion (in the lock- 
: ing cylinder) reached a sharp forward step on the cam surface, which 
: released the hammer. The hammer spring drove it into the percussion 
: cap, firing the preloaded chamber. 


Unlocking 

Once the barrel had fired, it had to be unloaded so it could be 
reloaded and fired again. Before this could be done, though, the lock- 
: ing action had to be unlocked. This was governed by the proper siz- 
' ing and positioning of the small insert described above. Once the lock 
cylinder passed the insert (as the gun mechanism continued to turn) 
' another spring on the outside of the cylinder pushed it slightly to the 
? rear. This relieved some of the pressure holding the preloaded (and 
! now fired) chamber against the barrel. The remaining force holding 
' the chamber against the gun barrel came from the hammer spring, 
: which now (in the fired position) held the hammer against the percus- 
: sion cap and the chamber against the barrel. Dr. Gatling included 
: another small raised surface on the cam path to back the hammer 
away from the steel chamber just enough to allow the chamber to float 
: freely. This occurred as the gun progressed from the eleven o’clock 
position to the ten o’clock position. 
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Ejection 

The chamber could be ejected once it had unlocked. This occurred 

as the rotating cluster of barrels and actions positioned the now-fired : 
chamber near the bottom of the gun. The chamber simply fell free; 
through an opening in the base of the mechanism, where it could be 
picked up for later cleaning and reloading. To prevent the chambers ; 
from getting hung up in the gun mechanism, a guide bar forced them : 
out as the chamber groove passed through the six o’clock position. 
Once the five steps described above were complete, the now- 


: empty chamber groove (in the rotating cluster) continued its circular ; 
: journey up to the hopper, where a new preloaded chamber fell into 
' position and the load, compress, lock, fire, unlock, and eject process : 
: began again. As mentioned earlier, the Model 1862 Gatling gun had 
: six sets of barrels, actions, and grooves. These spun as a set, with each 
: of the steps described above occurring sequentially. The gun fired six | 
‘ times with each rotation of the barrel cluster. 


The Model 1862 was the only Gatling gun to use the separate ; 
preloaded chambers. There were several problems inherent to this | 
approach, which were corrected in subsequent versions of the gun. } 
These problems and others (as well as the solutions and subsequent 
Gatling guns) are discussed in the next chapter. The use of metallic | 
cartridges in the Model 1865 significantly changed the manner in | 
which the Gatling gun operated. Though many of the detailed : 
mechanical actions changed, all were actuated through the rotating- | 
barrel-cluster and stationary-circular-cam approach. As will be seen in | 
subsequent discussions on contemporary Gatling guns (starting with | 
Chapter 6), all modern variants of the Gatling use this approach. 


Guns 


he old ordnance sergeant rested his hand on the ' 
Gatling’s rear housing assembly as he pondered the his- ' 
tory of the magnificent weapon. From the Civil War : 
through the Indian Wars and on into countless other : 
conflicts, the Gatling gun had done its job well. The : 
i sergeant’s thoughts drifted back nearly forty years to when he was a : 
: raw recruit on the plains of New Mexico and a .45/70 Gatling saved : 


: bim from an Apache patrol. What the Gatling had inflicted upon the 
: Apaches was gut-wrenching, but certainly no more so than what the 
: Apaches would have done to him bad they prevailed. The sergeant ran 
: bis old hand across the newer but soon-to-be-obsolete .30-caliber 
: Gatling gun. The metal was cold, but it felt hauntingly warm, and 
: somehow reassuring. The history of the weapon and the action it had 
: seen paralleled the development of the United States from the Civil War 
: through the settling of the West and into a new century. We’re both 
retiring now, he thought. We’re both relics of an era past. 


There are two categories of Gatling guns: those of the pre-Vulcan 
: era (from the first Model 1862 to the Model 1903, which were generally 
: used from the Civil War through the Spanish-American War), and those 
: of the modern era (starting with the post World War II search for a mod- 
: ern high-rate-of-fire cannon). This chapter addresses the early Gatling 
: guns, a summary of which is presented in the table on page 106. 


Gatling Gun Models and Specifications 

In all, Dr. Gatling developed more than thirty variants of the 
Gatling gun during a period exceeding forty years. The early Gatlings 
! were chambered in more than a dozen calibers for U.S. forces alone, 
' reflecting the changing weapons preferences of the times. The first 
' Gatling gun (described in Chapter 2) fired percussion-primed paper 
' cartridges. Later models included cartridge variants up to 1 inch in cal- 
: iber. Muzzle velocities reflected the variations in chambering, ranging 
: from less than 1,000 feet per second (fps) to more than 3,000 fps. 

When the specifications for the early Gatling guns are examined 
' either individually or as a group, the inventive genius of Dr. Gatling 
: becomes evident. The evolution of the early Gatling guns was per- 
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haps second to none of that era and is mirrored in the continuing : Table 3-1. Gatling 


improvement of today’s Gatling guns. ee and speci- 
Dr. Gatling’s ability to adapt his invention to continually evolving ; 
Table 3-1 
Gatling Gun Models and Specifications 
Model Variants Caliber(s) User(s) Features 
1862 None 58 U.S Army Preloaded steel chambers. 
1865 1866 58, .50, and 1-inch U.S. Army Metallic cartridges, redesigned operating 


mechanism, 6- and 10-barrel variants, first 
official U.S. Army procurement. 


1871 None 42, .50, .65, U.S. Army, Improved bolt and feed system design 


and 1-inch Russian Army (Broadwell drum); 5-, 6-, and 10-barrel vari- 
ants; automatic oscillatory (traverse) feature. 


1874 Bulldog ‘43,45, 50,55, U.S. Army and Short- and long-barreled (18-inch and 32-inch) 
Gatling, .65, .75, and several foreign users versions, reduced size and weight, improved 
Camel Gun, 1-inch headspacing features, improved ocsillator, 
1875, 1876, 1877 simplified feed system, tripod mounting. 

1879 None AS U.S. Army and Fully enclosed barrels, simplified elevation 


several foreign users and traverse mechanism, further headspacing 
improvements, ten 32-inch barrels. 


1881 None 45 U.S. Army and Bruce feed mechanism, exposed barrels. 
several foreign users 

1883 1885, 1886, 1887.45 U.S. Army, US. Accles feed, selective crank placement, 
Navy, and several 1500-rpm firing rate, strengthened internal 
foreign users mechanism, cocking switch, elevation and 


traverse improvements, fully enclosed barrels. 


1889 Police Gatling, .45 U.S. Army, police Exposed barrels, feed system improvements, 
1891, 1892 agencies all-metal carriage. 
1893 None 30/40 U.S. Army, Strengthened internal components to handle 
U.S. Navy higher chamber pressures, strip feed system, 
modified headspace adjustment, armored 
protection. 
1895 None 30/40 U.S. Army, Improved metallurgy, Bruce feed system, 
U.S. Navy painted/blued components, improved armor 
protection, multiple barrel configurations. 
1900 Navy version 30/40 U.S. Army, Interchangeable bolts, optional crank location, 
U.S. Navy special Navy variant with full bronze barrel 
enclosure. 
1903 1903-06 .30-03, .30-06 U.S. Army Incorporated new Springfield .30-caliber 


cartridge, last operational Gatling gun of the 
early era. 


military needs kept the Gatling gun a viable weapon for five decades. 
: Few weapons of any period can make such a claim. This chapter 
; addresses each of the nine major early Gatling gun models, as well as 
: variants of each. The major Gatling gun categories are designated by 
:; numbers that denote the first year of introduction. 


Model 1862 
The Model 1862 was the first version of the Gatling gun. This 
: model was significantly different from all those that followed. The 


: Model 1862 was the only Gatling gun to use preloaded chambers and : 
 percussion-primed paper cartridges. Many of the engineering chal- : 
: lenges Dr. Gatling faced in designing this model were unique to the : 
: preloaded chambers, while others affected all models. The problems | 
: created by the Model 1862’s preloaded chamber feed system were | 
: serious, and with the U.S. Army’s gradual move to metallic cartridge | 


: ammunition, the direction of future Gatling guns was clear. 


The Model 1862’s preloaded chambers had a serious problem with | 


: gas leakage at the chamber-to-barrel interface. The gas leakage re- 
: duced both muzzle velocity (some of the propellant gases escaped 
: prior to the bullet exiting) and reliability (the escaping gases fouled 
: the gun’s action and drive mechanism). As mentioned in Chapter 2, 
: Gatling addressed this issue with a design feature that forced the 
: chamber against the barrel just prior to firing (the very first Model 1862 
: did not have this feature, but Gatling added it to later Model 1862s 
: when the severity of the gas leakage became apparent). 

This was only partially effective at sealing the chamber to the bar- 
: rel. Dr. Gatling soon recognized that the forcing feature created anoth- 
: er problem. Because the separate steel insert wedged the preloaded 
: chambers against the barrel, it made the guns harder to crank. 

A third variant of the Model 1862 actually incorporated metallic 
: cartridges (a .58-caliber rimfire cartridge), but it retained the separate 
: preloaded chambers. (Metallic cartridges were invented about seven- 
: teen years prior to the Gatling gun, but again, they had not yet been 
: adopted by the U.S. military.) Dr. Gatling no doubt kept the separate 
' preloaded chambers because he recognized the inherent advantages 
, of metallic cartridges and wanted to quickly field a metallic cartridge 
? version of the gun without the delays a major redesign would entail. 

; Another problem with the preloaded chambers was that it was dif- 
' ficult to keep machining tolerances tight enough to maintain precise 
alignment between the preloaded chamber and the barrel. Dr. Gatling’s 
: Model 1862 patent extolled the alignment virtues of each chamber trav- 
eling with its own barrel, but in practice, the desired alignment proved 
: to be elusive. Minor misalignments (perhaps on the order of only a few 
‘ thousandths of an inch) would result in the barrel “shaving” the bullet 
: as it traveled from the chamber to the barrel. The result was inaccuracy 
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(induced by bullet distortion) and rapid fouling of the gun’s action and: 
drive mechanism. In an attempt to solve this problem, Gatling used | 
barrels with tapered bores, with a slightly larger diameter at the breech | 
end. The hope was that the barrel would act as a funnel, allowing | 
some misalignment that would be overcome as the barrel gradually ; 
guided the bullet through its bore. Although this concept was similar : 
to the forcing cones used in early and contemporary revolvers, it was : 
not effective in the Model 1862. The bullets were damaged more by : 
bouncing around in the tapered bore than they were when fired into a : 


: nontapered barrel, and poor accuracy resulted. 


The preloaded chambers were also a logistics concern. The army : 
had no provisions for separate chambers. The time required to clean : 


ing approach was more of a burden than the army cared totake on. 

Gatling recognized the problems created by the preloaded cham- | 
bers and realized that his invention would probably never succeed |; 
either commercially or tactically unless these deficiencies were met : 
head on. He knew the answer to these problems could be found in | 
metallic cartridges. Although the U.S. military had not yet officially | 
adopted them, their advantages were so overwhelming and apparent 
that Gatling knew the conversion was only a matter of time. Near the | 
end of the Civil War, he began work on a version of the Gatling gun | 
that used metallic cartridges and did away with the preloaded cham- : 
ber concept. 


Model 1865 7 

The Model 1865 Gatling gun significantly improved upon the orig- | 
inal Model 1862 design. While it was not the first Gatling to use metal- | 
lic cartridges, it was the first to eliminate the separate preloaded cham- | 
bers. In the Model 1865, the chambers were an integral part of each : 
barrel, as is the case with most modern weapons (including modern: 
versions of the Gatling gun). 
Integral chambers eliminated the gas sealing, excessive friction, | 
misalignment, tapered bore, accuracy, and logistics problems, but | 
these problems were replaced by others. Dr. Gatling now faced the : 
challenge of developing a reliable means of feeding, inserting, cham- 
bering, and extracting each cartridge instead of simply dropping a 
preloaded chamber from a hopper into a groove in the gun’s inner |: 
mechanism. (The problem was not an insignificant one. The feed | 
mechanism and associated technology for today’s Gatling guns often : 
push the limits of mechanical engineering. There are two defense con- | 
tractors who work only in this area.) 


Dr. Gatling retained the basic Model 1862 theory of operation (a 
: circular cam path to reciprocate each barrel’s action) and added fea- 
: tures to perform the chambering and extraction functions. 

Separate bolt mechanisms were incorporated for each barrel. The 
bolts rode on rails that revolved with the barrels, and as the entire 
; mechanism turned, the bolts were made to reciprocate in the same 
i manner as the Model 1862’s hammers did in their lock cylinders. The 
: reciprocating motion took the bolts through the chamber, lock, fire, 
: unlock, and eject sequence. 


The Model 1865 was fired by a spring-loaded firing pin. The firing 
: pin was driven rearward to compress its drive spring and was subse- : 


quently released through the action of a separate cam path. 


The Model 1865 was the first Gatling gun in which the army took a | 
: serious (and official) interest. The first Model 1865 Dr. Gatling provid- : 
: ed for the army trials had four barrels and was chambered for the .58- 
caliber rimfire round. This differed from the Model 1862, which had 
: six barrels. Barrel variations (both length and number) were common > 


: during the early history of the Gatling gun, just as they are today. Such 
: variations could be used to change the weight, firing rate, and cost of 
: the gun. The exact reason that the first Model 1865 had four barrels 
: instead of six is unknown. The army’s tests of this version were suc- 
: cessful, but the four-barrel configuration was dropped at the conclu- 
: sion of the trial’s initial phase, and the army asked Dr. Gatling to build 
: a 1-inch caliber version for further tests. 

Gatling designed this variant with six barrels, providing the army 
: with eight guns. These were also very successful. 

Gatling received his first official U.S. government contract in 1866. 
: The army ordered one hundred Gatling guns—fifty ten-barreled .50- 
: caliber guns and fifty six-barreled 1-inch-caliber guns. The .50-caliber 
: guns fired the .50/70/450 designation, which was standard U.S. infantry 
: issue. (The .50/70/450 designation meant that the cartridge had a .50- 
: inch diameter projectile propelled by 70 grains of black powder, and 
: that the projectile weighed 450 grains.) Because the contract was 
: awarded in 1866, the army designated these Gatling guns Model 1866, 
: although they were essentially identical to the Model 1865s. 

One of the problems discovered after the first guns were deliv- 
' ered to the army was a timing anomaly. Each barrel was supposed 
! to fire at approximately the ten o’clock position (when viewed from 
' the front of the gun). The spring that snapped the firing pin into the 
primer required a small period of time to drive the firing pin fully 
: forward, and if the gun was operated fast enough, the firing barrel 
: could pass its intended firing position before the bullet left the muz- 
: zle. The result was that the bullet would occasionally impact the 
: front of the gun frame. 

Dr. Gatling’s fix was simple. Later Model 1866 Gatling guns (and all 


The Early 
Gatling Guns 


Wy 


The Gatling 
Gun: 19th 
Century 
Machine Gun 
to 21st 
Century 
Vulcan 


20 


subsequent models with exposed barrels and frames) had inverted U- 
shaped notches in the front of the frame, the sole purpose of which was 
to provide added clearance between the frame and the exiting bullet. 

The timing problem was corrected, but other problems soon surfaced. 
The result was a significant redesign, which became the Model 1871. 


Model 1871 
Among the problems and shortcomings inherent to the Model : 
1865 was the fact that it could not be traversed unless the entire gun : 


: carriage was moved (this was tactically disadvantageous, as it made it : 
: essentially impossible to laterally sweep an area with gunfire while : 
: the weapon was firing). 


In addition, the bolts frequently failed. They were extremely diffi- 


cult to remove, which no doubt interfered with routine cleaning of 
: the gun and probably contributed to the failures. 


The feed system was also marginal (although one must take into 
consideration that there was no precedent for high-rate-of-fire feed : 
systems in 1865). This caused frequent jams. (As mentioned earlier, | 
feed system technology was a completely new area when the Gatling | 
gun was developed, and even today, modern Gatling gun feed sys- 
tems are impressively complex. Gatling continued to develop feed | 
system improvements throughout his life, and work in this area con- : 
tinues to this day for contemporary Gatlings.) 

The Model 1871 corrected most of these deficiencies. A feature | 
that allowed the gunner to laterally traverse the gun without moving : 
the carriage was a major improvement. Dr. Gatling also includeda : 
feature that induced an automatic oscillatory lateral motion as the gun | 
fired. He simply extended the gun crank through the gun and inserted : 
the opposite end into a fixed cam track. When the gunner turned the : 
crank to fire the gun, the gun was also forced to oscillate slightly from 
side to side. This greatly increased the Gatling gun’s lethality, allow- : 
ing it to effectively spray an area with gunfire. 

Gatling redesigned the breech bolts to eliminate the failures and | 
added an access port at the rear of the gun to facilitate removal of the: 
bolts for cleaning. This was a significant maintenance improvement 
for the gunners. Earlier Gatlings required disassembling most of the | 
gun to gain access to the bolts. 

Two improved feed systems were developed for the Model 1871. : 
The first incorporated a curved magazine rather than the simple hop- : 
per used in the Model 1862 and Model 18065. The curved magazine : 
contained a single column of vertically stacked cartridges. Except for | 
the fact that it was mounted on top of the gun, the Model 1871’s mag- : 
azine was quite similar to the large-capacity “banana” magazines used : 
on modern assault weapons. 

Not quite satisfied with the capacity of the curved magazine, Dr. 


Figure 7. The Model 
1874 Gatling gun. 
This version, which is 
on display at the 
Connecticut State 
Library and Museum, 
features tripod 
mounting and 32- 
inch barrels. It is 
chambered for the 
.45/70 cartridge, the 
standard infantry 
round of the era. The 
Model 1874 Gatling 
was also offered in 
other configurations, 
including the Bulldog 
and Camel. 


Gatling asked L.M. Broadwell (his overseas sales agent) to develop a 
larger-capacity feed system. The Broadwell drum was a set of twenty 


: vertical magazines that were mated in a circular manner (thus forming 


a drum). Each contained twenty cartridges. The fully loaded drum 


: contained 400 hundred rounds. The drum mounted on top of the gun. 
: As each magazine was depleted, the gunner manually positioned the 


drum to align the next set of twenty cartridges. 
Model 1871 Gatling guns were chambered in several calibers (.42, 
50, .65, and 1 inch). They were manufactured in five-, six-, and ten- 


: barrel versions. The army recognized that the Model 1871 was a sig- : 
: nificantly improved weapon. As a result, it conducted a new series of : 
: Gatling gun trials in late 1873 to evaluate the improved versions. The : 
: army tested the-guns in .42- and 1-inch caliber. The .42-caliber gun : 
: was a Russian export model with design improvements specified by : 
? Colonel Gorloff, a Russian ordnance officer. (As an aside, the Russians | 
later claimed to have invented the Gatling gun, referring to it as a 
: “Gorloff.”) The army was particularly impressed with the performance — 
: of the smaller gun, which would become the Model 1874. 


Model 1874 
After the 1873 trials, the army procured several guns of the new 
design in .45/70 caliber (this round had a .45-caliber bullet propelled 


: by 70 grains of black powder). Two versions were produced: a short 


Gatling with 18-inch barrels and a long one with 32-inch barrels. 

The Model 1874 offered several improvements over earlier ver- 
sions, the first being reduced size and weight. The bolts were smaller 
than those used on previous Gatlings, which allowed the entire gun to 


: be downsized accordingly. 


Other features allowed im- 
proved headspacing and head- 
spacing adjustment. (Head- 
space is the distance between 
the rear of the cartridge and 
the front of the bolt face when 
the cartridge is fully seated in 
the chamber. If the gun has 
excessive headspace, a large 
portion of the cartridge case 
will be unsupported, which 
could allow it to rupture.) The 
Gatling was the first high-rate- 
of-fire gun procured in signifi- 
cant quantities by the U.S. mili- 
tary, which did not yet have a 
full appreciation of the effects 
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of high firing rates in terms of gun heating, gun wear, and so on. One | 
of the findings was that as the Gatling gun fired, the heat it generated | 
caused the gun’s steel mainshaft to grow in length. When this occurred, | 
headspace increased. Dr. Gatling’s first attempt to address this phe- | 
nomenon was on the Model 1874. He simply wrapped the mainshaft in : 
leather to insulate it from heat. 

On earlier models of the Gatling, headspace adjustment was : 
accomplished by turning an adjusting nut located on the gun’s frame | 
in front of the barrel. This was an extremely hazardous operation. If : 


: the gun was still loaded (or even if it simply had ammunition in the : 
: feed system), applying torque to the headspace adjusting nut could ; 
MachineGun : turn the entire barrel cluster. This would have the same effect as turn-_ 
: ing the crank at the rear of the gun (i.e., the gun would fire). Several: 
: people were killed or injured performing this operation. To address; 
: this concern, Dr. Gatling incorporated a safety feature on the Model :; 


' 1874 that locked the gun mechanism, rendering it incapable of firing. 


The Model 1874 also featured an improved automatic oscillator. It 
was somewhat similar to the one used on the Model 1871 Gt useda : 
tracked cam on the end of the gun crankshaft that engaged a post : 
attached to the gun carriage), but the Model 1874’s design was much 
more straightforward, and it could also be used as a windage adjust- | 
ment. On the 1874, the tracked cam had two paths. One was elliptical, 
which created a lateral oscillatory motion as the gun fired. The other | 
was circular and was used to make the windage adjustment. 

The Model 1874 also incorporated additional feed system improve- | 
ments, including a provision for a simplified 40-round magazine on | 
top of the gun. As a result of the magazine’s location, the sights were 
relocated to the right side of the Model 1874. Some of the Model 1874 : 
Gatlings were also equipped with Broadwell drums. 

The lighter weight of the shorter Model 1874 (the 18-inch-barreled | 
version) allowed for interesting mounting arrangements. Tripods were | 
used for the first time. Special saddles for overseas customers were | 
built to mount the Model 1874 on camels. Gatling made extensive use | 
of this idea in his advertising, and as a result, the shorter Model 1874 | 
became known as the Camel gun. 


Models 1875-1877 i 

Subsequent improvements resulted in the Model 1875, 1876, and : 
1877 Gatling guns. The Model 1875 had sturdier sights and bolt im- : 
provements to reduce jamming. The Model 1876 had stronger internal 
gun mechanism components, further modifications to the headspace 
adjustment, and improvements to the feed system. The Model 1877 | 
incorporated more feed system improvements, as well as gearing 
changes to increase the firing rate. Models 1874 through 1877 were 
chambered in eight different calibers for U.S. and foreign customers, 


Figure 8. The Model 
1879 Gatling gun. 
Note the ten fully 
enclosed barrels and 
the tripod mounting. 
The automatic oscilla- 
tory mechanism can 


also be seen at the rear 


of the weapon. The 


tubelike attachment at 


the rear of the receiver 
accepted a rod that 
allowed the gunner to 
quickly point the 
weapon at a target. 
Although the Model 
1879 dropped the ele- 
vation and traverse 
adjusting wheels, this 
particular specimen 
retains these features 
(Gatlings were or- 
dered with special fea- 
tures occasionally). 


including .42, .43, .45, .50, .55, .65, .75, and 1-inch cartridges. Most of 
these were for foreign customers (the standard U.S. chambering was 
the .45/70 cartridge). 


The Bulldog Gatling 

The Bulldog Gatling, introduced in 1877, was the first Gatling to 
offer full enclosure of the barrels as a standard design feature, al- 
though a few fully enclosed Gatling guns had been manufactured pre- 
viously for the navy (the navy preferred full barrel enclosure to pro- 
tect the gun from the ocean’s highly corrosive salt spray). The U.S. : 
government purchased .45/70-caliber Bulldogs; other barrel and cal- : 
iber variations were produced for export. 

The Bulldog had several additional features that distinguished it from ‘ 
earlier models. One of note was the rear crankshaft, which incorporated : 
three improvements. The first was a higher rate of fire. The crank was | 
attached directly to the mainshaft of the gun (there was no gear reduc- | 23 
tion), allowing the Bulldog to fire at rates as high as 1,000 RPM. 
(interestingly, this rate, achieved more than 100 years ago, is at the 
lower end of the range used by modern electrically or hydraulically 
powered Gatling guns.) Second, the Bulldog was the first Gatling gun 
to move the headspace adjustment to the rear of the gun, making for 


much safer opera- » 
tion. Finally, the - . 
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Bulldog’s rear 

crank allowed a 

redesign of the ." 
traverse oscillator. F « R 
Cranking the Bulldog ;e 
automatically induced side-to-side forceson \ 

the gun. Dr. Gatling took advantage of this § 
by placing a spring on either side of the gun, 
which allowed the lateral traverse limits to 
be adjusted by changing spring tension. 


Model 1879 

The elevation and traverse mecha- 
nisms were the most significant im- 
provements to the Model 1879 
Gatling gun. Earlier models were 
pointed at the target in much the 
same manner as artillery pieces 
(either by moving the entire 
carriage or by turning eleva- 
tion and traverse wheels). 
The Model 1879 used a 
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much quicker method. It allowed the gunner to point the weapon with 
a simple rod attached to the rear of the gun. Once the gun was pointed 
at the target, both elevation and traverse could be locked in place. 

Also, another minor improvement was incorporated into the 
headspace adjustment feature. Instead of requiring tools, this adjust- 
ment could now be accomplished by hand-turning a serrated knob 
mounted on the rear of the gun. 

The Model 1879 had ten 32-inch barrels, which were chambered 
for the .45/70 cartridge and fully enclosed. By this time, Gatling had 
determined that the gun’s users did not require the automatic traverse 
oscillator he had perfected, and it was thus dropped from the Model 
1879 and all subsequent versions of the Gatling gun. 


Model 1881 

The Model 1881 Gatling gun differed from the Model 1879 in two 
ways. One was that it did not have a fully enclosed barrel cluster. The 
Model 1881 was developed for the U.S. Army, and the probable expla- 
nation for the return to exposed barrels is that the army was more con- 
cerned with lighter weight and mobility than protection from a salt- 
spray environment. 

The most significant difference was incorporation of the Bruce 
feed mechanism. Patented by Lucien Bruce in 1881, this feed mecha- 
nism became recognized as the best Gatling gun ammunition han- 
dling system. The device was simple and reliable. It consisted of two 
rails that held ammunition. The rails were mounted on a pivot, 
which held one rail in alignment with the gun’s feed port. Once the 


Figure 9. An exploded 


photograph of the 


Model 1879 Gatling 
gun. Two of the gun’s 
ten bolts are shown 
installed on the rails. 
The serrated knob at 
the rear of the weapon 
was incorporated to 


: facilitate headspace 


adjustment. 


Figure 10. The Model 
1883 Gatling gun. 
This is a ten-barreled 
.45/70-caliber gun. 
Note the Accles feed 
drum mounted on top 
of the system and the 
sights on the right side 
of the weapon. 


first rail was emptied, the weight of the cartridges in the other forced 
the dual-railed mechanism to seesaw into position such that the new 
rail’s cartridges were aligned with the feed port. Firing could contin- 
ue uninterrupted. 

The Bruce rail offered another less obvious advantage. It allowed 
cartridges to be loaded directly from the ammunition box, being 
“poured” into the rail. Not having to load each cartridge into the mag- 
azine individually greatly speeded the loading operation and allowed 
for nearly continuous firing. 


Model 1883 


Two of the improvements made to the Model 1883 were carried : 
through to modern military Gatlings, although one, the Accles feed, : 


was unsuccessful. 


The Accles feed was invented by James Accles, who repre- : 
sented the Gatling Gun Company in Europe and later went : 
on to start his own machine gun business. The Accles feed 


was a large circular drum that mounted on top of the 
Gatling gun. A slotted wheel, driven by the gun’s internal 
mechanism, turned within the 
drum as the gun fired. Car- 
tridges were carried within 
slots machined in the wheel, 
and as the wheel turned, the 
cartridges followed a spiral 
track on the inside surface of the drum. 
The track drove the cartridges to the gun’s feed 
port, where they entered the gun and then were 
cycled through the Gatling’s firing sequence. 

In theory, the Accles feed was decades 
ahead of its time. A similar arrangement, the heli- 
cal feed system, was incorporated in the modern 
Vulcan about sixty years later (as will be ex- 

plained in Chapter 8). In practice, however, it 
was a disaster. It was fragile and jammed easily. 
As a result, the army paid for a retrofit of the 
Accles feed system on all Model 1883 Gatling 
guns, replacing it with the Bruce feed described earlier. 

One of the successful features incorporated into the Model 1883 
was selective crank placement. The gun could be operated with the 
crank on the side (as was common practice on earlier Gatlings) or 
attached directly to the rear of the gun’s mainshaft. The side mount 
allowed a firing rate of 800 RPM; the rear mount was truly impres- 
sive, with a firing rate of 1,500 RPM. The rear mount’s higher firing 
rate was a result of direct drive. The side-mounted crank fired more 
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slowly because it operated through a reduction gear. To allow the 
gun to survive the higher firing rate, Dr. Gatling strengthened the 
bolts, extractors, and other parts of its internal mechanism. 

The cocking switch was the viable feature of the Model 1883 that : 
carried through to modern Gatlings. The cocking switch allowed the : 
gunner to select two different cam paths for the firing pins. One path : 
fired the gun normally; the other allowed the gun to be operated with-_ | 
out cycling the firing pins. The second path was a useful training fea- : 
ture. It also allowed the gunner to clear the weapon without firing any : 


: rounds in the mechanism. 


Minor improvements to the elevation and traverse mechanisms 
were also incorporated on Model 1883. These were primarily adapta- : 


The Models 1885, 1886, and 1887 were all derivatives of the Model 


1883, incorporating minor ejection mechanism improvements and : 
‘ other subtle design upgrades. The Model 1883 and all of its deriva- : 


tives had ten barrels with the fully enclosed bronze jacket and were : 
chambered for the .45/70 cartridge. : 


Model 1889 i 

The Model 1889 was primarily an upgrade to the Model 1883 | 
series. Aside from the Accles feed system, another detractor from the | 
Model 1883 series Gatlings was the bronze jacket, which was difficult : 
to manufacture. Dr. Gatling developed the Model 1889 to address | 
these and other shortcomings. 
The Model 1889 returned to the exposed-barrel configuration. : 
Other upgrades included the Bruce feed system, an improved cock- | 
ing switch, a nearly all-metal carriage (earlier versions were wood 
and metal), and armored shields to protect the gunner from enemy | 
fire: 
The Model 1889 was built from 1889 through 1892. Gatling guns | 
procured in 1891 and 1892 were designated as Model 1891 and : 
Model 1892 Gatlings, but they were essentially identical to the | 
Model 1889. These guns all had ten 32-inch barrels chambered for | 
the .45/70 cartridge. 


The Gatling Police Model 

Little is known about the Gatling Police Model (the Gatling Gun | 
Company archives do not even include any reference to this model). 
The Police Gatlings are believed to have been manufactured in small : 
quantities from the late 1880s to the early 1890s. Judging by a photo : 
of Dr. Gatling with one of these models (found in the company | 
archives), the Police Model was similar to the Model 1877 Bulldog, 
except that it had an Accles feed system and the Model 1883's eleva- | 
tion and traverse mechanism. 


Figure 11. The busi- 
ness end of a Model 
1893 Gatling gun. 
Note the ten .30-cal- 
iber barrels and the 
crosshair sight mount- 
ed to the left of the 
muzzle. 


Model 1893 
The U.S. Army adopted the .30/40 Krag as its standard infantry car- 


: tridge in 1892. Although weapons chambered for the older .45/70 car- 
: tridge remained in the inventory for a long time (the army was armed 
: with obsolete .45/70 rifles in the War of 1898), a modern weapon was 
: clearly desirable. The .30/40 Krag shot faster and flatter than the 


.45/70, and it delivered more energy to distant targets. Thus, it was 


: only natural that the army would procure a new Gatling gun cham- 
: bered for the .30/40 cartridge. 

The Model 1893 was similar to the Model 1889, with slight : 
: improvements and upgrades to allow for firing the .30/40 Krag car- : 
: tridge. The .30/40 operated with higher chamber pressures than the : 
: .45/70, so the internal gun mechanism of the Model 1893 was strength- : 
: ened accordingly. The outer housing cam path was also altered to pro- : 
: vide quicker actuation of the bolts. : 
The Model 1893 had a new strip-feed system that ultimately proved : 
: unsuccessful. The cartridges were loaded into strips that were then 
: fed into the gun. As the Model 1893 fired, the cartridges were sup- 
: posed to strip free of their carriers and feed into the gun. Unfor- 
: tunately, the system jammed frequently. The problem was severe 
: enough to require retrofitting all Model 1893 Gatling guns to the older 
: and more reliable Bruce feed system. 


The Model 1893 was chambered for the .30/40 Krag round, fol- 
lowing the army’s normal practice of using its issue infantry car- 
tridge. During the Bruce feed system retrofit (which occurred 
in 1897), Gatling also modified the Model 1893’s headspace 
adjustment mechanism to limit the adjustment range. Prior 
to this, the adjustment mechanism was essentially the 
same as that of the Model 1889. Gatling probably incorpo- 
rated the limitation as a result of the .30/40’s higher cham- 
ber pressure, as sensitivity to headspace adjustment 
increases with chamber pressure. Since improperly adjust- 
ed headspace could result in severe gun damage (and, 
potentially, injury to the gunner), Gatling no doubt recognized 
the need to redesign the system. 


Model 1895 
The Model 1895 Gatling gun was a slightly improved version of 


: the Model 1893. Taking advantage of recent metallurgy improvements, 
: one of the upgrades consisted of making some of the gun’s internal 
' operating components from a new bronze alloy to reduce wear. 
: Having recognized that the Bruce feed system was clearly superior to 
: all others, Gatling incorporated it on the Model 1895. Unlike earlier 
' Gatling guns, on which the metal parts were left bare, the Model 


1895’s parts were either painted or blued. There were a few excep- 
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tions, as there are Model 1895 Gatlings in existence that have bare 
metal parts. Dr. Gatling probably incorporated the improvement after | 
the Model 1895 entered production. 

This model also had an improved armor configuration. The Model : 
1893’s armor interfered with gun operation under certain conditions. ; 
On the Model 1895, the armor was redesigned to prevent interference. ; 

Like the Model 1893, the Model 1895 was chambered for the : 
30/40 Krag cartridge. It was manufactured in five-, six-, and ten-bar- ; 
rel configurations. 


Model 1900 
The Model 1900 was identical to the Model 1895, with one impor-_ : 


Gatlings, the bolts had been fitted individually to each barrel. 

Dr. Gatling also produced a special version of the Model 1900 for : 
the U.S. Navy. Outwardly similar in appearance to the earlier Model: 
1883, the Model 1900 naval variant featured the fully enclosed bronze | 
barrel jacket as well as selective crank placement. 


Model 1903 

At the turn of the century, the U.S. Army was experimenting with : 
rifles captured from the Spanish during the War of 1898. These rifles, | 
manufactured by Mauser in Germany, were probably the best the : 
army had ever seen. The ordnance department was so impressed that | 
it paid Mauser $200,000 for the rights to manufacture a similar : 
weapon, which ultimately became the Model 1903 Springfield. 
The army developed a cartridge for the Model 1903 Springfield : 
that was similar to the captured Mausers’ 7mm round. This cartridge | 
did away with the .30/40 Krag’s rimmed flange and kept the .30-cal- 
iber projectile. The resultant cartridge became the .30-03 Springfield | 
(designating projectile diameter and year of introduction). The .30-03 | 
cartridge and the bolt-action Springfield rifle that fired it became the | 
standard-issue U.S. Army rifle. 
In earlier years, Gatling guns were chambered in .50/70, .45/70, : 
and .30/40, reflecting U.S. standard-issue weapons and cartridges of | 
the era. In the same way, the Model 1903 Gatling was developed to : 
fire the .30-03 cartridge. In all other respects, the Model 1903 was : 
identical to the Model 1900. i 
Three years after the army adopted the Model 1903 and the .30-03 
cartridge, the cartridge was modified slightly to improve its muzzle 
velocity. The result was the well-known .30-06, which replaced the 
.30-03 as the army’s standard-issue cartridge. Existing Model 1903 


: Gatling guns were rechambered to fire the new round and designated 
Model 1903-06. 


The End of an Era 
The Model 1903-06 Gatling gun was the last of the early-era 
: Gatlings. Under an agreement with the Gatling Gun Company, Colt 
: built the guns for Gatling at its Hartford, Connecticut, facility until 
: 1911. In 1911 the U.S. military declared the weapons obsolete. At the 
: time, the decision was probably prudent, considering the arrival of 


: newer and lighter fully automatic weapons (the Maxim machine gun, ; 
: the Browning machine gun, etc.). The Gatling concept would lie dor- : 
: mant for nearly four decades, until advances in other war-fighting 


: technologies created a need for very-high-rate-of-fire weapons. 
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atling Parker was alive. He never felt more so than : 
when going into combat. His .30/40 Gatling guns, | 
blue steel and bronze cases glistening dully, were : 
ready. San Juan Hill was immediately abead. 
Theodore Roosevelt was somewhere off to the right. : 
Parker heard the bugler and the first shots, and the assault began. He A 
: and his men pushed the Gatlings forward, firing as they advanced. : 
The sharp crack of the .30-caliber cartridges pierced the air—the sound 
of one shot blending into another. The high pressure .30/40 sounded 
: even more powerful than the older and slower .45/70 it had replaced. 
: Before Gatling Parker realized it, eight minutes and 18,000 rounds 
: later, he stood at the top of San Juan Hill. Theodore Roosevelt stood next 
to him, smiling slightly. Parker relaxed but for an instant, his breath- 
ing still heavy from the uphill assault. He immediately began to turn 
his Gatling around. His men did the same with their guns, realizing 
that the inevitable counterattacks could only be minutes away. 


Although Dr. Gatling patented his weapon in 1862, the Gatling gun 
: did not see widespread use in combat until much later. Though the 
: gun was invented primarily as a weapon to be offered to Union forces 
: during the Civil War, it saw only limited use during that conflict, and 
? the U.S. military was slow to adopt it. 

With perfect hindsight, certain historians have claimed that the 
: Gatling gun could have brought the Civil War to a much speedier con- 
' clusion, kept Custer from being defeated at the Battle of the Little Big 
! Horn, and allowed the British Empire to expand more rapidly with 
: fewer lives lost. The basic premise of these and other impossible-to- 
prove but interesting-to-ponder theories is that the Gatling met with 
? an inordinate share of stubborn opposition from ordnance officers 
' and governments of the era. 

As a practical matter, the adoption of the Gatling gun probably 
: occurred at a pace no slower than that experienced by most other new 
weapons. One must recognize that fielding any new weapon system, 
: even today, is a slow and methodical process under all but the most 
: extraordinary conditions. The Gatling was patented in 1862 and for- 
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mally adopted by the United States in 1866, a span of only four years. : 
To put the situation into perspective, consider that it took more than | 
ten years for the B-1 bomber to be adopted. In addition, finding a ; 
replacement for the .45 automatic pistol has taken decades. 


The Civil War 

As mentioned earlier, Col. James Ripley (the army’s ordnance : 
chief) was opposed to any new weapons for the Union forces, includ- ; 
ing the Gatling gun and a host of other weapons. Colonel Ripley : 


: argued that the army should retain a muzzle-loading infantryman’s : 
: rifle, even though metallic cartridges had been invented almost twen- : 
i ty years earlier. 


His opposition was not entirely without merit, as the army faced 


enormous logistics challenges supporting a seemingly infinite variety | 
: of weapons. He believed the army should standardize its armament : 
‘ with just a few weapons of demonstrated capabilities. 


In 1862, the Gatling gun was neither standard nor combat-proven. 
Other early machine or volley-type guns offered terrible reliability, : 
and frequent accidents gave these guns a well-deserved reputation for: 
being hazardous. The first version of the Gatling gun (the Model 1862) : 
was reliable and inaccurate. All machine guns of the era were plagued | 
by similar (or worse) problems. 

In addition, Dr. Gatling’s rumored Southern sympathies probably | 
further detracted from the gun’s adoption by the North. 

Gatling’s promotional capabilities were equal to his mechanical 
genius, however. Despite numerous factors working against U.S. } 
adoption of the then-new Gatling gun, it did see limited combat in the: 
Civil War. The extent of its Civil War use is something time has largely | 
obscured. The only confirmed combat deployment was in the Siege | 
of Petersburg, which began in the summer of 1864 and continued | 
under the command of General Butler until Lee surrendered at | 
Appomattox in April 1865. 

At that time, the capabilities of the machine gun as an infantry sup- | 
port weapon were not recognized. Butler (who apparently was a rela- | 
tively free-thinking and wealthy general officer) purchased Dr. Gatling’s | 
twelve prototype Model 1862s for $12,000 following a sales demonstra- 
tion, without bothering to ask the army for permission. During the | 
Siege of Petersburg, he used the Gatlings to defend his fortified : 
entrenchments. True to the military thinking of the day, the weapon | 
was used in a defensive manner. According to some accounts, Butler : 
personally manned the Gatlings on at least one occasion. 

There are other unconfirmed reports of the Gatling gun being used: 
in the Civil War. One of these was at the Battle of the Seven Pines, : 
fought in Virginia from 31 May to 1 June 1862. Since the first Gatling | 
gun was built in early 1862, it is conceivable. Another report holds 


: that employees of the Gatling Gun Company, and on occasion even 
: Dr. Gatling himself, took the Gatling gun into combat to give firsthand 
demonstrations of its effectiveness. 

: There are no confirmed instances of Gatling gun use by the navy 
| during the Civil War, although individual navy commanders pro- 
: cured the weapons during the war. Admiral Dahlgren, chief of the 
: navy’s ordnance bureau, allowed procurement by commanders on 
: an unofficial basis in 1863. Gatling Gun Company records indicate 
: that some of the guns were sold and mounted on naval vessels. 


: Gatling guns may have seen action on smaller boats used to patrol : 
: . Gatling Guns 


inland waterways. 


One other example of Gatling gun use during the Civil War bears : 
: mention, if for fo other reason than its being one of the few times | 
: these guns were directed at civilians. To meet the army manpower : 
: needs, the government implemented a draft by authority of the : 
: Conscription Act of 3 March 1863. For a variety of reasons this law was : 
extremely unpopular, and riots erupted in several places. One of the - 


! worst occurred in New York City in July 1863. The New York Times 
supported the draft and criticized the rioters. Fearing an attack against 
: the Times building, the editor and the owner of the newspaper 
: manned two of the three Gatling guns emplaced to protect the build- 
: ing. Other staff members were armed with rifles. No attack material- 
ized, probably as a result of the well-publicized display of force and a 
similarly well-publicized willingness to use it. 


Westward Expansion 

During the Civil War the U.S. Army failed to recognize the Gatling 
: gun’s potential as an infantry weapon, and Gatlings were utilized pri- 
: marily as artillery pieces. This approach continued after the Civil War, 
: when the army took Gatling guns into battle against the Indians. The 
navy did not use the Gatling during this period, as it saw essentially 
' no combat until the end of the century. 

Following the Civil War, the army focused on westward expan- 
? sion, which naturally resulted in a series of conflicts with the 
! American Indian. Although the army did not yet recognize the 
' Gatling’s capability as an infantry weapon for firing and maneuver- 
ing, it nonetheless recognized it as a very capable system. Each army 
: detachment had several Gatlings as standard-issue equipment. The 
' key problems were that the army did not know how to best utilize 
i the Gatling gun, and the limited military budgets of the era did not 
permit soldiers to practice enough to gain proficiency. Military 
: thought held that the Gatling gun was to be classified either as an 
: artillery piece or as a special weapon best suited for defending fixed 
' fortifications (roads, bridges, or military installations). Most of the 
: Gatling guns issued to the army during the period between the Civil 
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War and the Spanish-American War were used to defend military out- 
posts on the Western frontier. 

To be fair to the thinking of the period, however, one must recog- : 
nize that the typical Gatling gun weighed about a thousand pounds. : 
Failure to recognize the weapon as a “mobile” device is certainly ; 
understandable. 

The army had an odd policy during much of this period regarding : 
training and target practice. Although military outposts were located: 
squarely in hostile Indian territory, the army economized by severely : 


: limiting (and in some cases preventing) training-related ammunition 
consumption. It was not at all uncommon for commanders to require 
: soldiers to pay for training ammunition. This policy had a detrimental 
: effect on marksmanship, and proficiency with the Gatling gun was 
: particularly affected. When required to pay for ammunition that could 
: be fired at over 750 shots per minute, soldiers tended not to practice 
‘ too often. The army purchased close to five hundred Gatling guns 


during the Indian Wars, but most were never fired. 


Buffalo Meat for Dinner 

Surprisingly, the first firing of the Gatling gun during the westward 
expansion was not at Indians, but at buffalo. A herd of buffalo stam- 
peded and charged a wagon train being escorted by the Seventh U.S. 
Cavalry. Two Gatling guns (the caliber is unknown, but they were 
almost certainly the Model 1866) were quickly brought to bear on the 
charging herd. They successfully repelled the buffalo, and in the pro- 
cess provided plenty of meat for the garrison. 

Again, although the army procured hundreds of Gatling guns dur- 
ing the Indian War era, there are few documented instances of its use 
in combat. Although there are reasons the weapon did not see as 
much use as it might have, there Were probably numerous combat 
engagements that were simply never recorded. 


General Miles in West Texas 

The first documented use of the Gatling gun against the Indians 
was in 1874, when it played a prominent role in three battles. The first 
was between an army expedition led by Col. (later Maj. Gen.) Nelson 
A. Miles and a group of Cheyenne, Comanche, and Kiowa Indians. 
Miles was an interesting officer. He began his career by purchasing a 
commission during the Civil War. Despite his career’s questionable 
beginning, he soon distinguished himself as an outstanding officer. 
He rose to brevet major general, and after the Civil War he became a 
full colonel in the regular army. Most other post-Civil War army offi- 
cers were West Point graduates, and there was a fair amount of snob- 
bery and prejudice against Miles’ undistinguished military lineage. 
Prejudice notwithstanding, he was a man who could get the job done. 


: He demonstrated that fact when he pursued the Indians into a battle 
: that led to their encounter with the Gatling gun. 

Colonel Miles led his men more than 700 miles to make contact 
: with the Indians, sometimes traveling more than 30 miles in a single 
: day in 110-degree heat. The heat and lack of water led some of the 
: soldiers to cut their veins and drink their own blood in an attempt to 
: quench their thirst. It was under these conditions that Miles and his 
: troops were attacked on 30 August 1874, in an area of west Texas 
: called El Llano Estacado (the “staked plains”). About 250 Indians 
attacked Miles’ expedition of 700 men. 


Lt. James Pope, under Colonel Miles, commanded a battery of : 
: Gatling guns (probably Model 1874). Lieutenant Pope advanced with ; 
: two of the guns to engage the Indians, resulting in a decisive reversal : 


= of the ambush. 


The Miles expedition was one of five under the command of Gen. 
Philip Sheridan. One of the other five columns, led by Maj. William : 


: Redwood Price, also used Gatlings to defeat the Indians. Price’s com- 
: mand had numerous encounters with hostile Arapaho, Kiowa, 
: Comanche, and Cheyenne Indians, and two of his Gatling guns fig- 
ured in at least some of these skirmishes. One of Price’s officers later 
published an account of the battles in the British Journal of the Royal 
Service Institution: 

“In the Autumn of last year two Gatlings were reported to have 
: done splendid service in frequent encounters with the Redskins on 
the Western Frontier. On one of these occasions, Major Price, of the 
: Eighth United States Cavalry, was attacked by six hundred or seven 
hundred Indians, and he used his Gatlings with such excellent effect 
as to quite demoralize and drive off his savage assailants.” 


Custer at the Little Big Horn 

Much has been written about Gen. George Armstrong Custer’s in- 
volvement with the Gatling gun and, in particular, his decision to leave 
| behind a contingent of Gatlings offered to him before the Battle of the 
Little Big Horn in 1876. Several factors played a role in that decision. 
Custer recognized the Gatling gun’s advantages and had used the 
: weapon in the 1874 Black Hills campaign. He also recognized the lim- 
' itations of a thousand-pound weapon in a light cavalry unit. 

Custer’s decision should not be considered without an understand- 
ing of other circumstances surrounding him. Whatever else he might 
: have been, George Armstrong Custer was a controversial man. He 
graduated from West Point at the bottom of his class, yet he rose from 
: the rank of lieutenant to brigadier general in one year during the Civil 
: War. At age twenty-three, he was the youngest general to ever serve in 
: the military forces of the United States. Two years later, just before the 
' Civil War ended, he had attained the rank of major general and had 


The Early 
Gatling Guns 
in Action 


a5 


The Gatling 
Gun: 19th 
Century 
Machine Gun 
to 21st 
Century 
Vulcan 


36 


earned a reputation as a hard-driving, successful cavalry commander. 
He dropped back to the rank of captain when the war ended, but 
within in a year he was promoted to lieutenant colonel and took com- 
mand of the Seventh Cavalry. 

Custer had a fatal flaw, however. His ego was enormous. His 
hunger for fame was apparent in his professed desire to link his name 
“not only to the present but to future generations” (a goal he certainly 
achieved). In his quests for glory, Custer drove his men relentlessly, 
sometimes ordering them shot for desertion. He was known to dis- 


: obey orders he regarded as too conservative or timid, and on one 
: such occasion he incurred the wrath of President Ulysses S. Grant, 
: who had him arrested. Grant intended to court-martial him, but Custer 
: begged for a chance to lead his troops back into combat with the 
: Indians, and Grant relented. It was this scenario that set the stage for 
: the Battle of the Little Big Horn, where Custer was destined to meet 
‘ the Sioux Indians for the last time. 


He was assigned to an expedition led by Gen. Alfred H. Terry. 
Hungry for glory and a chance to clear his name, Custer was anxious 
to be the first to establish contact with the Indians. Terry was con- 
cerned that Custer might encounter a numerically superior force, and 
he offered assistance from the Sixth Cavalry. Custer turned the offer 
down, claiming the additional troops were unnecessary. General Terry 
also offered him a battery of Gatling guns, and Custer refused these 
too, on the grounds that they would slow his advance and were unus- 
able in the difficult terrain surrounding the Little Big Horn. 

The true reasons for Custer’s refusals were buried with him. Those 
who claim he was willing to pay any price to be the first to engage the 
Indians (thereby claiming all glory for himself) may be right. Custer 
refused reinforcements from the Sixth Cavalry, and he did have an 
insatiable ego. His argument about the Gatlings slowing his advance 
could have been an invention, since he was known to have taken an 
iron stove on other wilderness campaigns. 

On the other hand, Custer’s decision may have been tactically 
sound. Earlier during the same expedition, Lt. William Hale Low (com- 
mander of the Gatling battery offered to Custer) had difficulty keeping 
up with the cavalry due to the rough terrain. In some situations, the 
Gatlings had to be lowered by rope from steep hills. On at least one 
occasion Lieutenant Low and his Gatlings were lost during a night 
operation. Even if personal glory drove Custer’s decision to leave the 
Gatlings behind, the decision is certainly supportable from a strictly 
military standpoint. 

Newspaper accounts of the era and more recent discussions of 
Custer’s decision to leave the Gatlings behind suggest that the 261 sol- 
diers killed at the Little Big Horn might have been victorious had 
Custer taken the Gatlings. This could be true, but only because the 


guns could have slowed Custer’s advance to the point that he might 
: not have engaged the Sioux at all (or if he did, a slower advance 
: would have kept him close to readily available reinforcements). Even 
: if Custer had taken the Gatlings, one can only wonder if 261 men and 
: two or three Gatling guns could have fought off the 2,500 Sioux war- 
: riors they met that day. 

One other controversy surrounds Custer’s association with the 
: Gatlings during the campaign that ultimately led to his death. Many 
: references state that the guns in Lieutenant Low’s battery were .45/70 


: Gatlings. While the .45/70 was the standard infantry cartridge at the : 
: time, and the newer Model 1874 Gatling gun had been procured by | 
: the army in that caliber, the guns Custer turned down were not cham- | 
: bered for the .45/70. The preponderance of evidence, including diary | 
: accounts by members of the Terry expedition, shows the guns were | 
: .50-caliber. The model is unknown, but the Gatlings could have been | 
: either Model 1866 or Model 1871. In a small way, this seemingly | 
: insignificant fact further fueled the controversy. Had the lighter and — 


: more mobile Model 1874 been available to him, Custer might have 
: taken the guns along. 


The Nez Percé Campaign 

; The next recorded instance of the Gatling gun being used in com- 
: bat against the Indians was in 1877. Through the summer and fall of 
: that year, a small band of Nez Percé Indians traveled more than 1,700 
: miles in an attempt to escape the army and find a place to live. The 
: U.S. government wanted land in the northwestern part of the Nez 
: Percé territory. Chief Joseph, leader of the Nez Percé, stubbornly but 
: politely refused to sign a treaty forfeiting his tribe’s land. The Bureau 
: of Indian Affairs found this to be an intolerable arrangement and 
: asked in 1877 to have the army remove the Indians. Army lawyers 
: concluded that the Nez Percé were the rightful owners, but Gen. O.O. 
: Howard was ordered to carry out the bureau’s request. 

General Howard gave the Nez Percé thirty days to vacate their 
' home and move to the reservation. Amazingly, and largely as a 
: result of his influence over the Nez Percé and his love for peace, 
' Chief Joseph convinced the Nez Percé to comply with the request. 
' For some of them, though, the humiliation was too extreme. A 
: small band of renegades struck out from the main party and killed 
: four white settlers. In a second raid, the same band killed fourteen 
more whites. 

The army’s reaction was predictable, even though it was widely rec- 
' ognized that the renegades were but a small group (and that they had 
' acted against Chief Joseph’s wishes). A cavalry unit was directed to 
: attack the Nez Percé, which they did. To General Howard’s profound 
' shock, the army was soundly defeated. Howard then sent a small caval- 
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ry unit to engage a small group of Nez Percé. A soldier killed a child 
during the attack, setting the tone for the events that followed. 

The cavalry then opened fire with the Gatling gun, but most of the; 
Indians had slipped away. The soldiers responded by burning the vil 
lage. They continued in this manner, suffering small defeats and ; 
meaningless victories. 

Meanwhile, the peace-loving Chief Joseph proved to be a brilliant : 
cavalry tactician and guerrilla fighter. During a series of battles that : 
covered 1,700 miles and lasted for several months, the Nez Percé con- : 


: tinued to elude or defeat the pursuing soldiers. 


On 11 July 1877, General Howard led six hundred men in a sur- : 


: prise attack on the encamped Nez Percé at Clearwater Ridge. General ; 
: Howard used two Gatling guns and a cannon in the attack, but the : 
: Indians fought off the soldiers, and the army regrouped in a tight cir- : 
: cle. Then Chief Joseph’s force of less than one hundred Indians dug : 
‘ into fortified positions around the six hundred soldiers and put the : 


army under siege. The army responded with Gatling gun and cannon : 
fire, but they were pinned down for the rest of the day and through : 
the night. The following morning, the remaining Nez Percé warriors : 
withdrew (most of the other Indians left during the night). As the few : 
remaining Nez Percé left, the army fired at them with the Gatlings. An : 
officer in General Howard’s command wrote that none of the Indians_ 
were hit (nonetheless, a New York Times article written four days later | 
stated that the Gatling guns had driven off the Indians). 

For the army, the experience was humiliating. Among other things, | 
it demonstrated it did not know how to employ machine guns in | 
either offensive or defensive actions. Had such tactics been devel- : 
oped, Howard’s initial offensive might have been successful. Had the | 
overlapping fields of fire used by today’s infantry forces been consid-_ | 
ered, the Nez Percé would not have been able to surround and then 
lay siege to a numerically superior force. But such principles of | 
machine gun employment would not be developed for another two | 
decades. 

Chief Joseph fought against Gatling guns one more time, in the | 
final battle of the campaign. General Howard had signaled ahead for | 
reinforcements to block the Indians’ escape into Canada. General : 
Miles obliged and was waiting for the now pitifully small band of Nez | 
Percé in the Bear Paw Mountains, just 40 miles from the Canadian bor- : 
der. Miles had six hundred men, a Gatling, and a cannon. The fighting | 
lasted for five days, with the Indians and the army both suffering : 
heavy losses. On 5 October 1877, Chief Joseph surrendered. 


The Bannock and Shoshone Campaigns =: 
The last recorded use of Gatling guns in the Indian Wars is also the 
most well documented. James Henry Parker, who was to become the : 


: United States’ most knowledgeable machine gun tactician (and who 
: later wrote a book on the subject based on his experiences with 
: Gatling guns in the Spanish-American War) recorded the use of the 
: Gatling gun against the Bannock and Shoshone Indians in 1878. 

The army had forced the Bannock Indians to give up their land in 
: what is now Oregon. With a small band of Shoshones (who were not 
: normally hostile), the Bannocks left their reservation and attacked sev- 
: eral cattle ranchers and other settlers. The army responded with the 
: First Cavalry. The expedition had three .45/70 Gatling guns (based on 


: the date and the caliber, they were almost certainly Model 1874s). : 
: When the cavalry engaged the Indians, the soldiers soon found them- : 
: selves under heavy fire. Once the army positioned the Gatling guns | 
: on high ground to the right of the Indians, though, the heavy machine | 
gun fire forced the Indians to retreat. In Parker’s 1899 book, Tactical 


Organization and Uses of Machine Guns in the Field, he wrote: 


“To gain a flank and pour in a sharp and unexpected fire upon the : 


: enemy is usually a decisive maneuver, and one particularly adapted to 
: these guns. One can hardly argue. The effects of being surprised by a 
: fusillade of Gatling fire can only be described as debilitating.” 


The Spanish-American War 
The first time the United States used Gatling guns to fight the 
: armed forces of another nation was in 1898 against Spain on the island 
: of Cuba. 
The Spanish-American War was not the first time Cubans heard 
: Gatlings fired in anger. Three decades earlier, Cuban patriots had risen 
: up against the Spanish government, and it took ten years (1868 to 
: 1878) for the Spaniards to defeat the rebels. Spain ordered forty-six 
: Camel Gatling guns in their standard .43 Spanish cartridge in De- 
? cember 1873. 
There is no evidence to suggest that the Spanish ever used any of 
' their Camel guns against the United States during the Spanish- 
| American War, and except for the persistence of a visionary infantry 
' officer, the United States might not have used its Gatlings, either. 
Lt. John Henry Parker, a graduate of the U.S. Military Academy, 
: was assigned to the invasion force sent to free Cuba. Parker recog- 
' nized the Gatling gun’s potential and asked to form a special unit 
' armed with the weapons. His commander refused his request. Parker 
: was not deterred, and he carried his request to the unit’s commanding 
' general. Gen. Joe Wheeler listened to Parker’s ideas for using the 
' Gatling in battle. Parker explained that he believed the military had 
: not yet recognized the potential the Gatling had as an assault weapon. 
: Parker developed the fire-and-maneuver principle for machine guns 
? in the assault, a concept that infantry units rely on to this day. A heavy 
: volume of machine gun fire is used to suppress the enemy while 
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friendly troops move forward. Once the friendly troops have 
advanced, they lay down a wall of machine gun fire and the other : 
Gatling-armed unit advances. The idea is to leapfrog in this manner | 
until the target is overwhelmed. 

Wheeler was impressed with both the idea and with Parker. He : 
ordered Parker to organize a battery of Gatlings and test his ideas on : 
the Cuban battlefield. According to conflicting historical accounts, : 
Parker’s detachment consisted of either four, five, or eight Gatling : 
guns. The guns were chambered for the .30/40 Krag cartridge, the U.S. ; 


: infantry standard at that time. Photos of Parker’s detachment show 
: that the guns were Model 1895s. 


Parker’s Gatling exploits became legendary after he participated in 2 


18,000 rounds. Once the U.S. troops were at the top, Parker turned his’; 
Gatlings around and successfully defended the hilltop against two | 
Spanish counterattacks. 

From that point on, Gatling guns became an indispensable part of : 
every U.S. infantry and cavalry unit. Theodore Roosevelt expressed | 
this clearly in his preface to Parker’s book The Gatlings at Santiago: 

“From thence on, Parker’s Gatlings were our inseparable compan- 
ions throughout the siege. When we dug our trenches, he took off the | 
wheels of his guns and put them in the trenches. His men and ours 
slept in the same bomb-proofs and with one another whenever either | 
side got a supply of beans or coffee and sugar. At no hour of the day 
or night was Parker anywhere but where we wished him to be, in the | 
event of an attack. If a troop of my regiment was sent off to guard 
some road or some break in the lines, we were almost certain to get | 
Parker to send a Gatling along, and, whether the charge was made by 
day or night, the Gatling went.” 

As a result of his success at Santiago, Parker was commissioned by_ 
the army to develop tactical doctrine for the employment of machine : 
guns by the infantry. For the first time since the invention of the | 
Gatling gun in 1862, the military recognized that it was an infantry : 
weapon. Parker was the man who not only recognized and fully : 
exploited the capability of the Gatling gun, but who paved the way : 
for modern machine gun and infantry tactics. For the rest of his life he 
was known as “Gatling” Parker. : 


Action in the Philippines 

Around the time the war was ending in Cuba, the United States ; 
found itself being drawn into combat in the Philippines. This time, 
the United States fought insurgents protesting U.S. rule of the 


Philippine Islands, which had come about as a result of the Spanish- 
i American War. 

Up to this point there had been no recorded combat use of Gatling 
: guns by the U.S. Navy. Although most ships were equipped with 
: Gatlings, the navy had seen little opportunity to use them. That 
changed with the Philippine Insurrection. While the Gatlings were too 
| cumbersome for army infantry units to use in the thick jungle terrain, 
: the navy mounted Gatlings on its boats and, on at least two occasions, 
: put them to excellent use. 


The first action occurred when a Gatling-equipped gunboat an- : 
: swered shore-based rebel gunfire. The Gatlings quickly neutralized : 
: the rebel position, The same gunboat later killed several hundred 


' rebels hiding in’vegetation along the banks. 


Incredibly, old Model 1865 Gatlings were used, and to make mat- : 
i ters worse, they had never been modified to correct a timing problem | 
: (see Chapter 3) that occasionally resulted in their firing into the front | 
: of their frames. Several American sailors were injured as a result of | 


: timing failures. General Wheeler was incensed at the deployment of 
: Obsolete Gatlings. He threatened an investigation and promised to 
pursue legislation to buy more of the newer Gatling guns. 


Service with Other Nations 

Once the U.S. military had accepted the Gatling gun, the services 
: of nearly every other nation in the world soon adopted it. This includ- 
ed Egypt, Morocco, China, Japan, most of Europe, most of South 
: America, Russia, and Turkey. 

Russia was the first foreign power to adopt the Gatling gun, bring- 
: ing it into its arsenal in 1867, just one year after the United States for- 
: mally adopted the weapon. Chambered for the .42 Russian infantry 
' cartridge, the first Russian Gatlings were manufactured under the per- 
' sonal supervision of Colonel Cater General) Gorloff of the Imperial 
: Russian Artillery. These guns were of better quality than those sold to 
' the United States, as they were made of stronger metals and had a 
' finer finish. The Russians used their Gatlings in the Russo-Turkish War 
' of 1877. The Turks had also equipped themselves with Gatlings built 
' under license in Europe. The conflict is noteworthy in that it was the 
' first known instance of two opposing forces being equipped with 
' Gatling guns. The key battle of this war was fought in Plevna, a town 
: in northern Bulgaria. During the battle, the Russians used their 
' Gatlings primarily for defending bridges and roads at night, which 
: showed that they were about as far along in their appreciation of 
! machine gun tactics as the United States had been before the Spanish- 
American War. 

France did not formally adopt the Gatling gun, choosing instead to 
' equip its forces with the Mitrailleuse, a multibarreled volley gun. 
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Nonetheless, France was one of the first nations outside the United 
States to use the Gatling gun in combat. During the Franco-Prussian : 
War of 1870-1871, most of the French Mitrailleuse weapons were cap- ; 
tured. The French then purchased Gatling guns as replacements and : 
used them to defend the town of Le Mans against the Germans. 

England was one of the last major powers in Europe to adopt the : 
Gatling gun, waiting until 1874. Once the British army and navy were : 
equipped with Gatlings, though, they put them to good use. Most his- : 
torians agree that the Gatling gun saw more combat with the British : 


: than with any other nation. Some have gone so far as to say that the : 
' British colonized the uncivilized world with the Gatling gun. While the : 
: last statement may be exaggerated, the British did use the Gatling : 
: extensively during their empire-building in Africa, South America, and : 
: the Middle East. The British brought two Gatling guns to western Africa : 
: in 1873 and 1874 to fight the Ashanti tribe. The Gatlings saw almost no : 
‘ combat use there, except for one instance in which the British fired the : 


weapons merely to demonstrate the Gatling’s capability and British 
resolve. One native actually committed suicide after witnessing the 
demonstration, apparently recognizing the futility of further resistance. 
Four years later, in 1878, the British used Gatling guns against the Zulus : 
with devastating effectiveness. In 1882 British marines equipped with : 
Gatlings quelled anti-British riots in Alexandria (firing the guns over the | 
rioters’ heads was enough to convince them to go home). The British 
used Gatlings in further conflicts in Egypt and the Sudan with superior | 
results. They even developed an armored train, which was equipped : 
with three Gatling guns, for use in this campaign. 

The British appreciation for the Gatling gun did not stop with its : 
land forces. The navy also made good use of the weapon. The HMS._ : 
Shab successfully engaged a rebel Peruvian ironclad in 1877. Accurate | 
fire from a mast-mounted Gatling forced the more heavily armed 
Peruvian ironclad to withdraw. 

In another naval encounter two years later (during the War of the 
Pacific), Chilean forces fought the same vessel the Shah had defeated. 
By this time the Peruvian ironclad was equipped with Gatling guns 
(the Peruvians apparently learned their lesson). The Chilean vessel: 
was also armed with Gatlings, making this the first known instance of | 
two Gatling-equipped ships engaging in combat. The armies of both : 
Chile and Peru were also armed with Gatling guns. 

The Canadians used Gatling guns in the Riel Rebellion of 1885, | 
which pitted rebel troops led by Louis Riel and renegade Meti Indians _: 
against the Canadian government. The Canadian government commis-_: 
sioned Lt. Arthur Howard of the Connecticut National Guard to lead its : 
Gatling battery against the rebels. Lieutenant Howard did so with noted | 
success and later became a captain in the Canadian military. He was | 
killed in action with the Canadians in Africa a few years later. 


The End of the Early Gatling 

By the end of the century, most of the nations of the world had 
| declared their Gatlings obsolete. The new automatic weapons of 
: Hiram Maxim and John Browning offered superior performance with 
: less weight, and they eliminated the need for manual cranking. 

The United States waited until 1911 to declare its Gatling guns 
: obsolete. Even then, nearly every U.S. military installation had a con- 
: tingent of Gatling guns. In World War I, the United States even printed 
: a manual for the “obsolete” Gatling. 


There are intriguing reports of unusual use of the Gatling gun in : 
: later conflicts. For instance, the United States used the Gatling in the 
: China Relief Expedition of 1900, and there is even a report of Red : 


Chinese troops using Gatlings during the Korean War. 


The declarations of governments around the world notwithstand- : 
: ing, the Gatling concept refused to die. Though the idea behind Dr. : 
Gatling’s invention would essentially lie dormant for almost forty 


: years, its revival would have a profound effect—one that would make 
: its presence felt in military weapons technology for years to come. 
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he Russian colonel sat across the table, studying his : 
American negotiating opponent. “Dr. Gatling is a wor- ' 
thy adversary,” thought the Russian. “Shrewd, poker- ' 
faced, but honest. He would have made a good Russian ‘ 
officer.” Russia wanted the seventy Gatling guns, and ‘ 
the terms seemed reasonable, but still the American held out. “What : 


could he want?” the Russian wondered. 


Dr. Gatling similarly studied his Russian adversary. He knew the 


i Russians would only buy a few weapons before they took the idea and 
: started producing the weapons themselves. The Russian colonel had 
been into every corner of Gatling’s factory, learning every detail of the 
manufacturing process. Gatling didn’t really want to sell the Russians 
any of his guns. But he knew that if he didn't they would simply buy 
one from one of the many other nations about to be armed with 
Gatlings and then reverse-engineer it. “I either sell them a quantity of 
the guns now,” Gatling thought, “or I don’t sell them any.” 
“The price is adequate, but only for larger quantities,” Dr. Gatling 
i finally said. ‘I'll sell one hundred Gatling guns at the same price per gun. 
§ We also wish to extend another option to your nation. The Gatling Gun 
: Company is prepared to offer a manufacturing license to the Imperial 
: Russian Army in consideration for the larger quantity of guns ordered.” 
The Russian looked at Dr. Gatling and smiled. After a brief pause, 
so did Dr. Gatling. Each realized he had outwitted the other. 


Early Gatling guns were manufactured from 1861 to 1911, both in 
the United States and abroad. During this period, numerous models 
? were developed, and considering the variations in caliber, carriage, 
? number of barrels, and barrel length, several hundred distinct types of 
 Gatlings can be identified. The guns were manufactured in the United 
: States, Russia, Austria, and England. The Gatling gun’s production his- 
tory is perhaps as interesting as its combat use. 


U.S. Production 
The first prototypes of the Model 1862 Gatling, built in Indiana- 
: polis in late 1861 or early 1862, were used strictly for demonstration 
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purposes. Once Dr. Gatling had generated enough interest in his ; 
invention, he contracted Miles H. Greenwood and Company to build : 
six of the Model 1862s. Greenwood, located in Cincinnati, was : 
engaged almost exclusively in manufacturing Union war materiel and 
had been sabotaged several times by Confederate sympathizers. The : 
saboteurs struck again as Dr. Gatling’s guns were in production, and : 
the weapons were lost in a fire. 

Gatling found a new financial backer and in 1862 contracted the : 
Cincinnati Type Foundry Works to build thirteen guns identical to : 


: those destroyed in the fire. Gatling and several business associates : 
! demonstrated the guns to several military officers, and Gen. Benjamin: 


Butler was so impressed that he bought twelve of the thirteen with his: 


Dr. Gatling also had an improved version of the Model 1862 built, 


although no manufacturing records exist for it or the prototype of the 


Model 1865s. The Cincinnati Type Foundry Works probably built both: 
sets of guns. 

Impressed with the Model 1865 during its official army trials, the | 
army asked Dr. Gatling to build eight more in the giant 1-inch caliber. | 
He turned to the Cooper Fire Arms Company of Philadelphia, which : 
had a reputation for building high-quality small-percussion revolvers. } 
The eight Gatlings Cooper manufactured performed accordingly, and 
the army ordered one hundred Gatling guns. 

Since a bigger machine shop was needed to meet the production | 
requirements, Gatling turned to Colt’s Patent Fire Arms Company in : 
Hartford, Connecticut, beginning a relationship that would last almost : 
fifty years. Colt delivered the first one hundred guns to the army in : 
1867, and it built all remaining Gatlings manufactured in the United : 
States during the early era of the weapon’s history. . 

The relationship between Colt and the Gatling Gun Company 
would prove to be profitable for both parties. Colt had fallen on hard | 
times after the Civil War and was anxiously looking for new products. | 
Rollin White had patented metallic cartridge revolvers (Colt had | 
turned down an opportunity to buy the patent), and Colt’s percussion | 
revolvers were no longer competitive. To make matters worse, the 
Colt plant had very nearly burned to the ground during an 1864 fire, 
and the company was hurt financially by the costs of rebuilding. 

Colt turned to manufacturing anything in order to survive. In 1866, 
the list included sewing machines, printing presses, conductor’s ticket 
punches, steam engines, and, of course, small arms. Under the cir- 
cumstances, a lucrative government contract to build one hundred 
Gatling guns was particularly appealing. : 

While the Gatling Gun Company remained a separate business 
entity, it effectively became a part of the Colt organization. Dr. Gatling : 


and his family moved to Hartford in 1870, and his company headquar- 
: ters followed four years later. In 1897, the president of Colt also 
: became the president of the Gatling Gun Company. At that time, Dr. 
Gatling was seventy-nine years old and was probably ready to step 
down as the chief executive of the world’s most successful machine 
gun company. He retained 10 percent of the stock, however. Inter- 
: estingly, Daniel B. Wesson (of the Smith & Wesson Company) owned 
: about 6 percent of the Gatling Gun Company. Smith & Wesson was 
one of Colt’s major competitors at the time and still is today. 


More than a thousand Gatling guns were built in the United States, ; 
: all but the first few by Colt. About 725 were purchased by the U.S. | 
: Army, which appears to have procured the weapon steadily through- | 
: Out its entire production history. Several were sold to the U.S. Navy, | 
: although Gatling’s navy procurement records were not as thorough. : 
: The remaining U.S.-built Gatlings were sold to civilian agencies | 
: (police departments, prisons, etc.) and foreign governments. Most of } 
: the Gatling guns procured by foreign governments, though, were ~ 


: manufactured abroad. 


Foreign Gatling Gun Production 
Immediately after the Civil War, Russia purchased two Model 1862 
: Gatlings for testing. The Russians were impressed. They sent Colonel 
: Gorloff of the Imperial Russian Artillery to Hartford, initiating talks 
: aimed at procuring a quantity of improved Gatling guns for Russia. 
: Russia ordered twenty Model 1866 Gatlings chambered for its .42-cal- 
: iber infantry cartridge. 
When the Russians placed a second order for seventy Gatling guns, 
: Dr. Gatling offered them a manufacturing license if they would 
: increase their order to one hundred. They happily obliged. After that, 
: all Russian Gatlings were built in Russia. The total number the 
: Russians built is unknown, but it must have been significant. As early 
: as 1876, they had four hundred Gatlings in their arsenals. 
The E.A. Paget Company of Austria also manufactured Gatling 
: guns for a brief period. Paget built Gatlings (under license to the 
: Gatling Gun Company) for Turkey, which was engaged in a centuries- 
: old conflict with Russia. Turkey knew Russia had Gatlings, and it did 
: not want to be outgunned. The Turks ordered two hundred Gatling 
guns in 1870. These went to the Turkish army. The Turkish navy fol- 
: lowed with an order for thirty Gatlings. 
Dr. Gatling transferred both orders to Paget in Vienna. The Gatling 
! Gun Company had met with Paget a year earlier, and apparently this 
: was the first instance in which geography made such an arrangement 
: feasible. Unlike the Russians, Paget had to pay a royalty on each Gatling 
gun it manufactured. The Austrians built Gatlings of inferior quality, 
: and the Paget organization’s problems were compounded by financial 
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difficulties. Not wishing to be tied to a company that could tarnish the : 
Gatling name, Dr. Gatling dissolved the relationship in 1871. 

In 1869, the Gatling Gun Company granted a manufacturing and : 
sales license to Sir William G. Armstrong and Company in England, : 
which he renewed in 1881. Both Gatling and Armstrong profited from : 
extensive British use of the Gatling gun. The Armstrong Company’s_ : 
total production of Gatling guns is unknown, but it probably num- : 
bered in the thousands. Armstrong also sold many Gatlings to other : 
nations in whatever caliber was desired. Some were quite unusual, : 


: including one that fired a 3 1/4-ounce .65- caliber bullet and another 
' that fired a 4 1/2-ounce .75-caliber bullet. 


In 1888, Frederick C. Penfield, another British Gatling gun manu- 


by selling several Gatling guns to Chile and failing to pay the royal- 
ties. As a result of this and other problems, the arrangement was liqui- : 
dated in 1890. 

After 1890, British Gatling gun manufacturing history grows hazy. : 
Accles and a fellow by the name of Grenfell were the successors to | 
the arrangement with Penfield. Accles was a former employee of the 
American Gatling Gun Company (he invented the feed system that | 
bore his name). He also invented an improved version of the Gatling | 
gun that he named the Accles gun. About this time, the Maxim : 
machine gun was eclipsing all manually operated machine guns, : 
which doomed the Accles weapon to fail commercially and militarily. 


Gatling Gun Production Ends 

Most of the nations equipped with Gatling guns stopped using | 
them around the turn of the century. The U.S. Army waited until 1911 | 
to declare the Gatling obsolete, and in that year Colt discontinued pro- 
duction. The weapon would remain out of production for forty years, | 
until world events ushered in new firepower requirements that only : 
the Gatling gun could meet. 


ee () A Prelude to the 


Future 


he navy engineers studied the modified Gatling gun, ' 
realizing that the electrically powered weapon offered : 
amazing possibilities. A civilian engineer from the com- 
pany that had modified the weapon stood by, ready to : 
answer any questions that the navy might ask. The ten- ' 
: barreled Gatling glistened dully, its bronze casing diffusing the bright : 
: sunlight. An unusual electric motor was mounted on the left side of the ' 


receiver, with copper wire coils that stood out in the morning light. The 
civilian engineer walked over to the weapon, aligned the sights at a 
: distant target, and closed the switch with his thumb. The Gatling gun 
: sounded unlike anything the ordnance engineers had ever heard. It 
: roared rather than barking out the staccato pops characteristic of 
hand-cranked Gatlings. In less than a few seconds it had fired more 
than a hundred rounds. Smoke drifted up slowly as the roar reverber- 
ated off the distant hills. 


: Electric motors became practical near the end of the nineteenth 
: century. Initial designs were inefficient and low in power, but as the 
: electric motor improved, engineers found many new applications. 
: One of these was the Gatling gun. 

The U.S. Navy and the Crocker-Wheeler Motor Company pio- 
? neered in this area, developing the first version of an electrically pow- 
' ered Gatling gun in 1890. The 15 November 1890 edition of Scientific 
! American carried a front-page story about the navy’s Crocker-Wheeler 
: electrically powered Gatling gun, which stated: 

“The Crocker-Wheeler Motor Company, of this city, were invited by 
: the U.S. Navy Department to arrange an electric firing mechanism for 
' the Gatling gun. Several requirements had to be kept in mind in pro- 
: ducing the design. The apparatus had to be attached to the barrel of the 
gun so as to move with it. It had to be out of the sighting line, and it 
? was necessary to dispose of it so as not to interfere with elevation or 
' depression of the gun. The motor finally had to be adopted for opera- 
: tion by the electric lighting plants as installed upon the ships of war.” 
The Navy Crocker-Wheeler electric Gatling gun could fire at a rate 
= of 1,500 RPM, the highest rate of fire ever achieved at the time 
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(although earlier versions of manually fired Gatlings could fire short 


bursts at 1,250 RPM). 


The concept of a motor-driven gun system was revolutionary, and : 
the Crocker-Wheeler electric Gatling gun represented a quantum leap 


forward in weapons technology. Shortly after the navy began working 


with Crocker-Wheeler, Dr. Gatling started developing his version of an : 


electric Gatling gun. His first design attained a firing rate of 1,500 RPM, 


matching that of the Crocker-Wheeler gun. Dr. Gatling improved his : 


design over the next two years and ultimately built a gun that could fire 


: at the phenomenal rate of 3,000 RPM (which he patented in 1893). 


In some respects, Dr. Gatling’s gun was similar to the navy’s. 


: Both had ten barrels chambered for the .30/40 Krag cartridge, both 
: were driven by electric motors, and both had bronze jackets. But | 
: there were significant differences as well. The Gatling design con- 
: tained the electric motor inside the bronze breech housing (for a | 
‘ totally bronze-encased gun), while the Crocker-Wheeler design : 


mounted the motor externally. The Gatling design totally eliminat- 
ed the hand crank, while the Crocker-Wheeler retained it as a back- 


up. The Gatling design was also water-cooled (the only Gatling : 


ever known to have this feature). Dr. Gatling believed that water- 


cooling would be needed to control the heat generated when firing : 


at 3,000 shots per minute. 


Unfortunately, both Gatling and the navy terminated further devel- 


opment of the electrically powered Gatling gun. There 
were two reasons for this. 

One was the 
advent of the gas- 
operated Maxim @ 
machine gun, ¢ 
which required #% 
neither manual 4 
cranking nor elec- 
trical power. Although the Maxim’s rate of fire 
(well under 1,000 RPM) was much lower than that 
of the electric Gatling gun, the Maxim was consid- 
erably lighter, making it attractive to both the army 
and the navy. The navy could have tolerated the 
added weight and complexity of an electric Gatling 
gun, as shipboard mounting eliminated the need 
for easy transportability, and power was readily 
available. The ar- 
my, however, re- 
quired a lighter 
weapon that did 
not require exter- 


Figure 12. A Model 
1879 .45/70 Gatling 
gun ona naval 
mount, and a modern 
electrically driven 
20mm M-61 Vulcan 
Gatling gun. 


: nal power, and as a result, it never expressed an interest in the electri- 
: cally powered Gatling gun. 

The other reason for terminating development was that in the 
: 1890s there simply was no need for the electrically powered Gatling 
i gun’s extremely high rate of fire, which was its principal advantage. In 
: fact, when viewed from the logistical perspective of the era, the high 
: rate of fire was a serious disadvantage. Large quantities of ammunition 
: would be required to feed such a weapon, and gunners would have 
' little time to adjust fire before even a short burst emptied the gun. In 


: another forty years there would be a requirement for a gun that could 
fire at 3,000 shots or more per minute. And even then, not all of the 
: technology would exist to solve the logistics and aiming problems 


(more on this inthe next chapter). 


By 1895 it was apparent that the gas-operated machine gun would : 
: eclipse the Gatling gun. In an effort to delay this, Colt employee Carl : 
: J. Ehbets developed and patented a means of converting the Gatling } 
: to gas operation. Each barrel of the Ehbets-modified Gatling gun had 


: a small orifice near the muzzle. When the first round fired, some of 
: the gas used to propel the bullet escaped through this orifice. The 
escaping gas actuated a spring-loaded lever, which was subsequently 
: returned to its original position by the spring. In the process of return- 
: ing to its original position, the lever actuated a ratchet mechanism. 
: The ratchet mechanism indexed the next firing barrel into position, 
: and another round fired. The operating mechanism in the breech of 
: the gun was essentially the same as that of a manually cranked 
: Gatling. The gas-operated Gatling gun still required manual cranking 
: to touch off the first round, after which it would continue to fire in a 
: fully automatic manner. 

The gas-operated Gatling gun never appealed to the military dur- 
: ing this early period. The need to hand-crank the gun to fire the first 
: round was perhaps marginally acceptable, but it had the same dis- 
: advantages as the electrically powered Gatling. Compared to the 
: Maxim, any version of the Gatling gun was simply too heavy. The 
: weight problem was only aggravated by adding gas operation or 
' electrical power. Interestingly enough, when General Electric devel- 
oped a gas-operated Gatling gun nearly eighty years later, it faced 
' the same problems—weight and the need to crank the gun to fire 
' the first shot. (The modern version of the gas-operated Gatling gun 
did make it to production in the SUU-23/A gun pod, as will be 
explained in Chapter 14.) 

Although no military force adopted these early electrically pow- 
' ered or gas-operated Gatlings, the ideas were decades ahead of their 
' time. The problem was not that these inventions were poor solutions 
' toa military requirement. Rather, the electrically powered and gas- 
operated Gatling guns were excellent solutions to a problem that did 
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not yet exist. This would change with the advent of high-performance 
aircraft six decades later, when the need for guns with extremely high 
rates of fire would become evident. 


/ Project Vulcan 


cool morning fog covered the airfield, and Hans von : 
Ohain shivered. Ohain was cold, but bis trembling was ' 
more the result of excitement than temperature. He looked ' 
at the strange aircraft—it had no propeller, and it seemed : 
to project a combination of aggressiveness, muscularity, ' 
and speed. Several men spoke excitedly in German as they connected : 
auxiliary power equipment to the experimental vehicle. Although unbe- : 


lievable events were occurring in Germany almost daily, Ohain was 
oblivious to them. He had focused his efforts on developing the jet engine 
in the now ready-to-fly experimental Heinkel. For three years, he had 
worked incredibly long hours in a small shop in Warnemunde, ignoring 
the rest of the world. Obhain felt his heart race as the jet engine noise 
increased and the Heinkel began its takeoff roll. He knew the course of 
aviation history was about to be altered irrevocably. 


On 7 August 1939, just four days before the start of World War II, a 
: small group of scientists and engineers made history on small airfield 
: deep in Nazi Germany. The Heinkel 178 flew for the first time, and in 
: so doing, marked the advent of a new era in aviation. The Heinkel 
: was the world’s first jet-powered aircraft. With its first flight, the pace 
: and direction of aeronautical development changed forever. 
Developments in this area proceeded rapidly, and by 1944 both 
' Germany and England had operational jet fighters. Germany’s 
' Messerschmitt Me 262 was capable of speeds approaching 600 miles 
per hour. England’s Gloster Meteor was slower, but it easily outclassed 
: existing propeller-driven aircraft. The United States had two prototype 
jet fighters (Bell’s XP-59 Airacomet and Lockheed’s F-80 Thunderjet), 
: but neither achieved operational status during the war. 


Evolving Combat Requirements 
As World War II drew to a close, U.S. defense engineers recognized 
' that the requirements for aircraft gun armament were changing. 
' During the war, the .50-caliber Browning machine gun was the stan- 
dard aircraft gun. The aircraft version of this weapon was essentially 
i an adaptation of the ground-based machine gun. The cyclic rate of 
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fire for the Browning had been pushed up to approximately 1,200 : 
RPM, which was at the time considered to be the maximum practical | 
limit. With the advent of jets, however, it became increasingly clear | 
that the older .50-caliber guns were no longer adequate. 

There were several reasons for this, but the predominant one was : 
speed. Future encounters between aircraft could occur in an instant, 
with jet fighters charging each other at closing speeds exceeding 1,200 : 
miles per hour. Similarly, jets attacking ground targets would have less : 
time to locate and engage the enemy, as the time over the target : 


: would be but a fleeting instant. It became increasingly clear that some-_ : 
: thing more like a shotgun than a machine gun would be needed. An 


aircraft-mounted shotgun would not be practical, but if the rate of fire 


Another reason for replacing the .50-caliber machine gun was its 


; poor lethality. Newer aircraft and many ground targets were becom- 


ing harder to kill. They were less vulnerable to gun-inflicted damage 
from the old .50-caliber solid projectiles. This was particularly true for : 
ground targets, which increasingly utilized armor protection. Even : 
certain aircraft had armor plating around the pilot. 

In 1945 the Army Air Corps and the small arms branch of the army 
ordnance research and development service recognized this problem 
and issued a list of new requirements for aircraft machine guns. They | 
specified that the new machine gun had to be more powerful than the | 
old .50-caliber Browning and have a rate of fire of at least 1,250 RPM. : 
Curiously, the rate-of-fire requirement was only marginally higher | 
than that of the Browning machine gun. Perhaps the army planners | 
did not believe significantly higher rates of fire were technically feasi-_ ; 
ble. The army artillery branch also became interested in this effort, as | 
they needed a more powerful weapon for antiaircraft applications. 

The army recognized several options for increasing aircraft arma- : 
ment lethality. One approach was to increase projectile weight, veloc- | 
ity, or both. Another approach was to add an explosive charge to the | 
projectile. There were trade-offs between the two approaches. Adding | 
explosive to the projectile would put more energy on the target, but | 
an explosive projectile wasn’t feasible in a smaller round (there wasn’t | 
room to add enough explosive to attain desired lethality levels). | 
Smaller projectiles could attain higher velocities, though, and there- 
fore impart more energy to the target. 

The army initially selected a new .60-caliber cartridge that used | 
the 20mm case necked down to accept the .60-caliber projectile (.60 | 
inch is approximately equal to 14mm). Army ordnance engineers 
believed the higher muzzle velocity of the .60-caliber projectile would 
provide the necessary increase in lethality. 

The army examined several design approaches for the new gun. 


One school of thought concentrated on developing a very-high-rate- 
of-fire machine gun. The concept called for having several bullets in 
: one barrel at the same time. This approach failed. During develop- 
ment testing, the barrel literally separated from the gun and flew 
: downrange. The gun’s design could have been strengthened to pre- 
: vent this, but the engineers recognized that the concept was doomed 
: for other reasons. The barrel of such a weapon would heat and wear 
: rapidly, thus rendering it useless. 

Another approach called for a revolver-type weapon, based in part 
: ona German World War II design. This gun suffered from the same 


: excessive barrel heating and wear. 


The Gatling Gun Reemerges 
Based on the above, the army concluded that some kind of exter- 
: nally powered, multibarreled weapon capable of very high firing rates 
: was needed. Ordnance engineers concluded that the Gatling gun con- 
: cept was probably the best design approach. This was based on the 
firing rate of 3,000 RPM that Dr. Gatling had achieved with an electri- 
: cally powered version of his gun (see Chapter 6). In addition, the 
: Gatling approach could solve many of the problems that plagued the 
: very-high-rate-of-fire machine gun and revolver designs. Barrel heat- 
: ing and the subsequent high wear rates would no longer be problems, 
: as the Gatling used multiple barrels. Gas leakage, which had been a 
: problem on the revolver-based gun, would be overcome by the 
: Gatling’s integral barrels and chambers. The engineers also recognized 
: that accuracy would be much better due to the Gatling’s integral bar- 
: rel and chamber design (which eliminated the forcing-cone-induced 
: accuracy problems associated with revolver-based weapons). 
The Gatling approach offered another significant advantage. The 
: Gatling gun was externally powered, meaning each round was not 
dependent on the successful functioning of the preceding round. If a 
: round failed to fire in a Gatling gun, it was mechanically extracted and 
: ejected. The gun would continue to operate. This would result in a 
? more reliable weapon, which would increase combat effectiveness. 
Thirty-four years after the army had officially declared the Gatling 
gun obsolete (in 1911), with the impetus of jet aircraft that could fly 
' near the speed of sound, the Gatling gun concept was pulled out of 
: retirement. The army’s ordnance research and development service 
! recommended pursuing a design based on the Gatling gun, and in 
early 1945 it awarded a contract to Johnson Automatics, Inc. 
Johnson Automatics was a small weapons development company 


i i Project Vulcan 
: problems normally associated with revolvers (gas loss at the chamber- : 


to-barrel interface and unacceptably large dispersion induced by the 
: barrel’s forcing cone). As a single-barreled weapon similar to the very : 
: high rate of fire machine gun described above, it also suffered from | 
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headed by Melvin Johnson, a former U.S. Marine Corps officer best 
known for his invention of the Johnson light machine gun and the : 
Johnson semiautomatic rifle. About fifty thousand of these weapons | 
were delivered during World War II. Johnson also developed a 20mm_: 
aircraft gun for the navy, and he no doubt recognized the potential : 
market for a new aircraft gun system. 


History Repeats Itself 
Johnson had a difficult time locating a Gatling gun in serviceable 


: condition, but he persisted and finally found one in New York City. : 
: The gun was a Model 1883 with ten bronze-encased barrels cham- : 
bered for the .45/70 cartridge. It had an Accles feed system. 


Rather than using the design approaches pursued earlier by Dr. 


Gatling and the navy on their electrically powered Gatlings (both of : 
: which used direct mechanical gear drives), Johnson connected an ; 
‘ electric motor to the Gatling gun with a belt and pulley arrangement. : 


Other than that, only a few modifications were made to the old Model : 
1883. The original bolts were replaced with ones of stronger steel, and: 
an electric burst limiter was incorporated in the control circuitry. 

Johnson’s work was quite successful. The gun first fired in late 1945 
at a rate of 3,000 RPM, duplicating Dr. Gatling’s 1893 achievement. : 
Subsequent refinements to the Johnson-modified Gatling ultimately | 
brought the rate of fire up to 5,800 RPM, a staggeringly high number | 
from a single weapon. Johnson submitted his technical report to the : 
army early in 1946, recommending that the Gatling concept be pursued. | 


The General Electric Vulcan 

The army followed Johnson’s recommendation and in the summer 

of 1946 awarded a contract to General Electric’s armament division in : 
Burlington, Vermont. The project was named “Vulcan” in honor of the | 
Roman god of fire and metalworking. Project Vulcan was to be a joint | 
effort between the Army Air Force (the air force would not become a : 
separate service until late 1947), the U.S. Army Department of Ord- : 
nance, and General Electric. 
The contract awarded to General Electric contained several : 
requirements for the new gun system. The contract specified a .60-cal-_ 
iber projectile (the cartridge discussed earlier), an overall gun length | 
not exceeding 80 inches, and a total system weight not exceeding 100 | 
pounds. The minimum rate of fire specified was 1,000 shots per | 
minute (which was surprisingly low, considering the success Johnson _ : 
had enjoyed a year earlier). The army believed that the .60 caliber was | 
optimal for the intended application. Developmental work with .60- 
caliber guns would go on for several years, but the cartridge would 
ultimately be dropped (for reasons to be explained later). 
General Electric completed the first prototype Vulcan in April 


: 1949. The electrically powered gun, designated the T-45, had 779 parts 
; and fired at a rate of 2,500 RPM. Later improvements increased the fir- 
ing rate to 4,000, 5,000, and finally 6,000 shots per minute. Encouraged 
by the results, the U.S. Army and Air Force funded General Electric to 
: build ten more T-45 Vulcans. These guns were subjected to extensive 
: accuracy, reliability, and environmental tests, and in every case the 
: results were extremely good. 

The next step was to begin work on a production version of the 
! Vulcan. General Electric built thirty-three production prototypes in 
: late 1950 and early 1951. There were four versions built in three cal- 


: the .60 caliber and necked up for the 27mm projectiles). 

The army subjected all of the guns to extensive testing at Aberdeen 
: Proving Grounds and Springfield Armory. The results were impressive. 
: All of the production prototypes could fire at rates in excess of 6,000 
: RPM. One gun that the army subjected to extreme reliability testing fired 
: 75,000 rounds without a single failure. That may not sound like much 
: fora gun capable of firing 6,000 RPM, but the fact that these guns gen- 
: erally fire in short bursts of 100 rounds or less should be taken into con- 
: sideration (more on this in later chapters). As an interesting historical 
: footnote, a Model 1873 Gatling gun underwent a similar test conducted 
: by the U.S. Navy at Annapolis in 1873. In that test, the Gatling gun fired 
? 100,000 rounds over a three-day period without any failures. During the 
? 1873 test, the gun crew members poured water on the barrels to keep 
: them from overheating! In both instances, the military discovered that 
: the Gatling gun concept was quite reliable. 

Based on the results of the testing, General Electric received a pro- 
: duction contract for twenty-seven additional test and evaluation guns 
? in 1952. The army specified six barrels, an overall length of 72 inches, 
' an 11-inch diameter, either hydraulic or electric drive power, a weight 
: of 300 pounds, and a minimum firing rate of 6,000 shots per minute. 
The army also specified that the new guns be chambered for the 
: 20mm cartridge. The war in Korea showed conclusively that the old 
: 50-caliber Browning machine gun cartridges were grossly inferior to 
: the 20mm in air-to-air combat. The army recognized that the .60 cal- 
: iber was only a slight improvement over the .50 caliber (even though 
: it had a significantly higher muzzle velocity). 

The United States had four types of jets in Korea, and three of 
: these (the Lockheed F-80 Shooting Star, the Republic Aviation F-84 
Thunderjet, and the North American F-86 Sabre) were armed with the 


He Oe Project Vulcan 
: ibers. Two were for the .60 caliber (the T-45 discussed earlier and a : 


: shorter version designated as the T-62). A third version, designated : 
: the T-171, was chambered for the 20mm cartridge. The fourth, desig- : 
: nated the T-150, was chambered for an experimental 27mm cartridge. : 
: Mechanically, all four guns were quite similar. All of the cartridges : 
: were based on the 20mm cartridge case (which was necked down for : 
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.50-caliber machine gun. While these aircraft all did reasonably well 
in combat, American combat aviators were more impressed with the 
navy’s FOF Panther armament. 

The Panthers had four single-barreled 20mm cannon, and the 
lethality of 20mm guns was significantly better than that of the .50-cal- 
iber machine guns. The navy and the air force also knew that the 
North Korean MiG 15s were equipped with two 23mm guns and one 
37mm cannon. The general feeling was that a significant increase in 
armament caliber and lethality would best serve U.S. needs. 

U.S. military forces wanted the aerodynamic efficiency of a small- 


: diameter projectile, but they also realized that a high-explosive war- 
: head was required for adequate lethality. A .60-caliber projectile was 
: too small to carry a high-explosive charge and its associated fuzing. 
: The 20mm was the smallest diameter that could meet this require- 
: ment, and it became the logical choice, offering a sensible compro- 
‘ mise between aerodynamic efficiency and explosive payload. 


Testing of the Vulcans continued for four more years. In 1956, the 
test program culminated in the T-171 Vulcan being officially type-clas- 
sified as the M61 Aircraft Cannon. The M61 and its derivatives became 
the standard U.S. aircraft gun. 

From its beginnings during the Civil War, the Gatling gun had 
evolved into a state-of-the-art aircraft armament system. Modifications 
of the M61 have been adapted to air defense gun systems, close-in 
ship defense gun systems, ground saturation-fire gun systems, anti- 
tank gun systems, and even man-portable infantry weapons. The 
chapters to follow explore each of these in greater detail. 


Figure 13. The M61 
Vulcan cannon. The 
Vulcan cannon, 
based on the original 
Gatling gun concept, 
fires 20mm ammuni- 
tion from six barrels. 
Firing rates can be as 
high as 6,000 shots 
per minute. 
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Operation 


lithough the F-4’s cockpit was air-conditioned, the pilot 
was perspiring profusely. At 300 feet above the jungle : 
canopy, be knew that he was extremely susceptible to : 
small-arms fire from the Vietcong forces known to be : 
operating in the area. He also knew that in another : 
minute, he would be across the Laotian border and into an area where : 
enemy truck convoys routinely traveled the Ho Chi Minh Trail to deliv- : 


er supplies to their comrades further south, Returning from a bombing 
run near the demilitarized zone (where he had successfully delivered 
eight Rockeye cluster munitions against a North Vietnamese position), 
he had heard the frantic call for air support from a Special Forces A- 
Team in Laos. 

“Approaching your area,” the pilot said into his mask. “Pop smoke 
to identify position.” 

“Popping smoke,” came the reply from the Green Beret captain on 
: the ground. As was customary, the ground commander did not identi- 
: fy the color. That would make it too easy for the enemy to deploy the 
: same color smoke grenades to confuse the desperately needed air sup- 
: port. The pilot could hear the crackle of small-arms fire in the back- 
: ground of the ground transmission. He knew the Special Forces were 
| taking heavy fire. 

‘I see blue,” the pilot said. 
“Roger that,” the Green Beret officer responded. “Victor Charlie is 
: 50 yards north of our location. Request twenty mike-mike suppression, 
| put down from east to west.” 
“Out,” was the pilot’s only response, as he banked sharply and 
dropped to 100 feet. With his right hand, he flipped the master arm 
switch to the armed position and the joystick-mounted gun-camera 
switch to the gun position. He pulled the throttles back slightly with his 
left hand, letting the banked turn and reduced thrust drop his airspeed 
to an indicated 250 knots. He saw the blue smoke a half-mile ahead, 
slightly to his left. The sun created a little glare in the thousands of 
minute canopy scratches. 

“It’s show time,” he said into the microphone. The pilot dropped the 
nose ever so Slightly and squeezed the joystick trigger. He heard, or 
rather felt, a slight shudder as the mighty 20mm cannon belched out a 
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burst of 4,000 RPM high-explosive and tracer ammunition. He saw the 


rounds arc out, dispersing ever so slightly and then erupting in bursts 


of high explosive that were visible even through the thick jungle cover. 


He continued flying low, accelerating to minimize exposure to ground 


fire. “How’s it look down there?” he said into the mask. 
“Like it should,” he heard over the speaker from the Green Beret. 
“We estimate you just won the hearts and minds of at least an enemy 
platoon, possibly two platoons...” 


The M61Al 20mm Vulcan is the foundation of the current family of 


: modern Gatling guns manufactured by General Electric’s Defense 
: System Division in Burlington, Vermont. While the company offers 
: numerous variants of the weapon (with several barrel, caliber, drive- 
: power, and feed-system options), the 20mm Vulcan was its first pro- 
* duction model and is still in production. The Vulcan’s principles of 


operation formed the basis for all subsequent models, and therefore, 
it is a good starting point for any discussion of contemporary Gatling 
gun operation. 


71.93 IN. 
1827 MM 


MAX. 22.89 IN. 


Characteristics 

STA 8, MIRE Sos See arn a ean eee Externally powered 6-barrel Gatling 
Nic tuner re cs deatreercepnis\ ns eee ea ascaxcty resent 73.4 inches (1864.4 mm) 
Maxa 1a Mele tape mma sns::.0 sneer eee emer. 6: >, aan 13.5 inches (342.9 mm) 
Power tosDrive:@s4:000 Spm" .cv.vcinetnncssccatateiee eee 8 hp (6 kw) 
Bower ton Dnive @HO; UUM prime see crorsccareorteea sa eennse ee eee cesses 20 hp (14.9 kw) 
Roundsito First)Schedwled WaMMEOHAMGE cs ceeseeccarscscssscseeneesersevteent 30,000 
Se ee ee... 100,000 MRBF 
ESOGUE MUNG (GLOSIY ai pene a RPMMMB chr pe Oconee epeenmenerRannt ay cetenRAMeeee peonocencadanoroac M50 Series 
MMU Ue OLNEY coho uasei cists s csatyereneeca a aeseer eae pee ds sco ccke ee 3,380 ft (1030 m)/sec 
|e o tg anaes Pr Soe ater ciara, ea Variable to 7,200 spm 
Average Recoil Force: 

BA OOS TINY 5 cscs: teste ree ees cd 2,661 pounds (11.9 kn) 

Coles UGE) C)1 | ine eP OR RERE Eee tA teh os 3,818 pounds (17.1 kn) 
Recoiliiiravel tiara) i rsceescccysreceecessccea tee eee ee 0.25 inch (6.35 mm) 
SEE V OS GY eters csnre tis: coca conse enarta eee y te: cries Hydraulic, electric, or pneumatic 
Feed Systeme Dype’.....< ices tie nase ee Linked or linkless 
Clearing Mer ces . ..0cssnan teccussevd visas case eee ee Holdback or declutching 


Dispersion (80% of rds. fired) ........... 8 mils or 2.2 mils normal radial dispersion 


Figure 14. 
Specifications and 
other information on 
the General Electric 
MO61A1 Vulcan can- 
non. Modern Gatling 
guns are manufac- 
tured by General 
Electric in Burlington, 
Vermont. 


Figure 15. An explod- 
ed view of the Vulcan 
showing the basic 
Gatling gun operating 
steps. Note the similar- 
ity to the original 
Gatling gun shown in 
Figure 5 (page 10). 


Amazingly, 
aside from expect- 
ed differences in 
chambering, met- 
allurgy, drive 
power, and other 
engineering ad- 
vances, the princi- 
ple of operation 


in Chapter 2. 
Let’s begin with 
a look at the mod- 
ern gun’s compon- 
ents and opera- 
tional sequence. 
The M61Al 20mm 
Vulcan is shown in 
Figure 14. An isometric drawing illustrating the Vulcan principle of opera- 
tion is shown in Figure 15. 
The Vulcan system consists of the following major subsystems and 
assemblies: 
e the rotor 
e the stationary rotor housing 
e the rotating barrel cluster 
e the drive unit Gncludes the two speeds) 
e the feeder and ammunition handling system 
e the recoil adaptors 
Each of these is explained below. 


The Rotor and Stationary Rotor Housing 
Two portions of the 20mm Vulcan rotate when the gun is fired. 


The rotor and the barrel cluster spin as an assembly. The rotor, which 


is driven by the drive unit, contains six sets of tracks that spin with it. 
Each track has a bolt assembly that engages an elliptical cam path in 
the rotor housing. The cam path drives the bolts back and forth as the 
rotor rotates and the bolt follows the elliptical path. 

When the rotor rotates within the rotor housing, the bolts per- 
form essentially the same function as did those of the original 


for modern Gat- : 
lings is hauntingly : 
similar to that of : 
the Model 1865 | 
(the first Gatling to 
use metallic car- : 
tridges) discussed : 
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Gatling guns. The bolt assemblies engage the rim on each round as 
it is fed from the feeder and drive the round into the chambered | 
position. A feature on the rotor housing then locks the bolt in the 
firing position. 

As this is occurring, other features on the rotor housing cam path : 
cock the firing pin within the bolt and then release it to form a very | 
slight indentation on the cartridge primer. At this point, an electrical : 
signal is sent to the bolt, which transmits the signal to the chambered ; 
20mm round. The 20mm Vulcan ammunition is electrically primed, : 


: and this signal fires the round. (Note that the 20mm Vulcan is the only : 
: version of the modern Gatling to use electrically primed ammunition. : 
: All others, from the tiny 5.56mm version to the mighty 30mm GAU- 


Machine Gun: 
: 8/A Avenger, use standard percussion priming.) 


The next step in the firing sequence is to unlock the bolt (which is : 


; again actuated by a camming feature in the rotor housing). As the | 
‘ rotor continues to rotate, the rotor housing elliptical cam path forces ; 


the bolt rearward, which extracts the fired cartridge case. The extract- 
ed case encounters a fixed guide bar (mounted on the stationary rotor | 
housing), which guides the spent case out of the rotor. In some ver-_ ; 
sions of the Vulcan, the spent case is kept under positive control in : 
the ammunition handling system and returned to the emptying ammu- 
nition storage drum; in others, it is simply dumped overboard. 


The Rotating Barrel Cluster 

The rotating barrel cluster consists of the guns, six barrels, a center : 
barrel clamp, and the muzzle clamp. The six-barreled Vulcan is more | 
or less the standard system; however, variants with three, four, and 
five barrels are available. The barrels have right-hand, gain-twist : 
rifling (meaning as the 20mm projectile travels through the bore, it | 
spins at a progressively faster rate in a right-hand direction). 
The barrels are each attached to the rotor with an interrupted : 
thread. After the muzzle clamp is removed (it is held in place by a sin- | 
gle nut), the barrels can be removed by simply turning each 60 degrees _ | 
in either direction and pulling it straight out. The life of the barrel clus- | 
ter is 72,000 rounds (after the gun has fired 72,000 rounds, the barrels | 
are all replaced), which means that each barrel has a life of 12,000 : 
rounds. This is actually quite good, particularly when considered in : 
light of the Vulcan’s 3,380-fps muzzle velocity. Most small arms with : 
comparable muzzle velocities have barrel lives of 3,000 to 5,000 rounds. : 
Practically speaking, it is essentially impossible to overheat the } 
Vulcan’s barrels. At the lower firing rates (typically 1,000 RPM), each : 
barrel is firing about 170 shots per minute. The ammunition supply in : 
all Vulcan applications (usually 300 to 1,000 rounds) is too small to 
allow the gun to heat up. At the higher firing rates (up to 6,000 RPM), : 
the bursts are so short that the barrels can’t heat up to the point of | 


: inducing damage. One should note that the barrels are also exposed 
/ to a constant stream of cooling air. In aircraft applications, the barrels 
: are in a cool airstream. In all cases, the barrels spin as the gun fires, 
further increasing airflow and resulting in cooling. 


The Drive Unit 
The Vulcan’s drive unit is located on the lower right rear of the rotor 
: housing (as viewed from the front of the weapon). The very first Vulcan 
: was electrically driven, and many current applications of the weapon 
! are powered by an electric motor. In other aircraft applications, drive 


is moving, it is essentially self-propelled. (More information on the SUU- 
23/A gun pod is included in Chapter 14.) 

Firing rates on Vulcans range up to 6,000 RPM (the Vulcan can 
actually fire at 7,200 shots per minute, but this rate is unnecessarily 
high and imposes undue loads on the gun). Most applications utilize 
: two selectable speeds. Aircraft typically have systems that can be fired 
: at 4,000 or 6,000 RPM. The Vulcan Air Defense System can be fired at 
: 1,000 or 3,000 RPM. Other systems fire at different rates, depending 
: on the application and intended targets. 


The Feeder and Ammunition Handling System 

The Gatling gun feed and ammunition handling system was one of 
Dr. Gatling’s greatest design challenges. Even on modern Gatling guns, 
: the feed system is generally one of the most complicated mechanisms. 
' Today’s Gatlings use a feeder (typically located on the right side of the 
| rotor housing) to accept each round from the ammunition chuting and 
place it into the rotor in front of each barrel’s bolt. The feeder is gear- 
driven by the rotor. Once again, the guide bar located on the rotor hous- 
: ing’s interior forces each spent cartridge out of the rotor and places it in 
' exit chuting to either be returned to a storage area or dumped overboard. 
The ammunition handling systems of modern Gatling guns repre- 
' sent significant mechanical engineering accomplishments. They rapid- 
ly transport large quantities of ammunition, provide a storage contain- 
er for the ammunition, and in most cases, chuting to deliver the 
rounds to the gun’s feeder. 
Some feed systems are quite simple. The towed Vulcan Air 

Defense System, for example, simply hangs linked 20mm ammunition 
in a rectangular box on the right side of the gun. As the gun fires, the 


: 20mm Vulcan 
power is provided by the aircraft hydraulic system. Some variants even : 


: use engine-bled air to power the Vulcan drive unit. One particularly : 
: interesting application is the SUU-23/A gun pod, which contains a : 
: 20mm Vulcan and is mounted on the aircraft’s exterior (typically under : 
: the wing or on a center station, like a bomb). The SUU-23/A uses the | 
: Gatling’s own gas (i.e., the gas generated by the firing rounds) to drive : 
i the gun. The gun requires an input to initiate firing, but once the system — 
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linked ammunition is pulled into it, the links are stripped off, the 
rounds are fired, and the empty cartridges are dumped overboard. 
Other systems have complex helical storage drums, with chutes 
that basically have carriers for each round (this concept is explained 
in more detail in Chapter 11, which discusses the A-10’s GAU-8/A gun 
system). On many aircraft, similar chuting returns the spent cartridges 
to the rear of the storage drum (taking the place of those already on 
their way to be fired) in lieu of allowing them to fall into the airstream. 
The reason for this is that it would be undesirable to have cartridge 


: cases entering the airstream, where they might strike other friendly 
: aircraft or perhaps be sucked into an engine inlet. 


The mechanical strains on Vulcan ammunition handling systems 


: are extreme (the 20mm rounds are being fed into the gun at rates as 
: high as 6,000 RPM). When the ammunition feed requirement is cou- 
: pled with other typical aircraft requirements to minimize weight, inter- 
* esting mechanical concepts emerge. 


An entire industry has grown up around the feed systems for mod- 
ern Gatlings. In addition to General Electric, other companies design 
and produce loading and feed systems for these weapons as well. One 
of these is Western Design in California, a company that produces a 
unique linear linkless feed system. The advantage of this system is 
that it uses a rectilinear ammunition storage container (other systems 
typically store ammunition in right circular cylinders). Western 
Design’s linear linkless feed systems can minimize volumetric require- 
ments in certain applications, which is highly desirable in many of 
today’s complex aircraft and other weapons platforms. 


The Recoil Adaptors 

The Vulcan cannon has three mounting points: a ball joint at the 
rear of the rotor housing and two recoil adaptors located on either 
side of the front of the rotor housing. The recoil adaptors are essen- 
tially shock absorbers that minimize the cyclic recoil impulses from 
the gun system. These forces can be significant. When firing at the 
maximum rate of 6,000 RPM, the 20mm Vulcan generates nearly 4,000 
pounds of recoil force! 


From Yesterday to Today 

Modern Gatling guns, as represented by the 20mm Vulcan, have 
been upgraded from the early Gatlings in terms of ballistic performance, 
drive power, fire control, metallurgy, and a host of other factors. The 
improvements and capabilities of the 20mm are impressive, but the 
gun’s similarity to its predecessors in terms of design features, principle 
of operation, and weapon systems applications is perhaps even more 
amazing. Keep these similarities in mind as you read the remaining 
chapters on current and future applications of the Gatling gun. 


owas () Gatling Guns 


Take to the Air 


he Israeli F-15 pilot watched the screen in front of him as ' 
well as the skies outside the canopy. He was over the | 
Bekaa Valley, and, in addition to the deadly SAM sites, : 
hé knew from the intelligence briefings that Syrian MiGs : 
were in the area. He faced two threats, both deadly, and : 


both providing but a second or two of reaction time. 


Suddenly, his helmet-mounted speakers emitted a faint signal. He 


looked at his instruments, which said the same thing. Something out 
there had a lock on the F-15. 

The pilot rolled the big F-15 sharply to the right and pulled the throt- 
tles rearward, winding down the nearly 50,000 pounds of Pratt and 
Whitney thrust. It worked. The Syrian MiG shot in front of him, per- 
haps a mile off to the left. 

The Israeli locked on to the MiG with one of his Sidewinders, but 
before he realized what happened, the MiG pulled the same tactic on 
him. The Israeli didn’t overshoot (he kept the MiG in front of the F-15), 
but he was now too close to fire the Sidewinder. 

: The Syrian pilot began rocking his MiG violently back and forth, 
: knowing the F-15 was on his tail, and knowing that he couldn't out- 
: zoom the American-built aircraft. 

The Israeli knew his target was within the F-15’s gun envelope. He 
: flipped the joystick-mounted arm/safe switch to the armed position. He 
waited to watch the MiG’s motions for another two seconds and real- 
ized the pilot’s attempts at evasion were predictable rolls to the left and 
right. The Israeli fired a short burst (at the Gatling’s lower speed of 
4,000 RPM) slightly to the right of the MiG, anticipating that it would 
: roll into the burst. The Syrian aircraft couldn't have been more than 
' 300 meters in front of him. 

The Israeli pilot had guessed correctly. The MiG’s right wing disinte- 
grated and fell away rapidly. The Israeli didn’t look for a chute, nor 
i did he divert course. He had ordnance to deliver, and be recognized 
' that the MiG was but a minor disturbance to his mission. 


As development of the M61 cannon neared completion in the mid- 
1950s (refer to Chapter 7), a question naturally arose as to which air- 
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craft would mount the new gun system first. Several new jets (the : 
“Century-series,” so called because of the numerical designations) ; 
were in development during this era. These included the North ; 
American F-100 Super Sabre (first flown in May 1953), the McDonnell ; 
Douglas F-101 Voodoo (first flown in September 1954), the Convair F- ; 
102 Delta Dagger (first flown in October 1953), the Lockheed F-104 | 
Starfighter (first flown in March 1954), the Fairchild Republic F-105 : 
Thunderchief (first flown in October 1955), and the General Dynamics; 
F-106 Delta Dart (first flown in December 1956). 

Each of these aircraft had distinct missions, which—when coupled 


: with the arguments concerning the efficiency of guns versus missiles 
' for air combat—influenced their selection of armament. The F-100 was: 
: intended to be a supersonic air superiority fighter. The F-101 was devel- : 
: oped to meet the need for long-range fighter escort services, primarily : 
: for the new strategic air command. The F-102 originated as a result of : 
‘ the need for a long-range interceptor capable of bringing down 


manned Soviet bombers. The F-104 was a return to the requirement for 
an air superiority fighter (it was to be a small, light, and highly maneu-_ : 
verable aircraft, strongly influenced by the air combat experienced dur- : 
ing the Korean conflict). The F-105 was designed as a high-perfor- : 
mance fighter bomber, with an internal weapons bay capable of carry-_ 
ing nuclear munitions. Finally, the F-106 was an outgrowth of the F-102 
program, but with more stringent interception requirements. 


Guns Versus Missiles 

The debate concerning the relative merits of guns versus missiles 
for air-to-air combat is one that has arisen frequently throughout the : 
post-World War II history of aviation development. It first emerged | 
during the Century-series developmental phase (and continues to this | 
day as the United States ponders the requirements for the Advanced 
Tactical Fighter and other advanced aircraft). 

The guns-versus-missiles argument is centered primarily on 
whether air-to-air combat will be fought at very short ranges (i.e., | 
those ranges within which aircraft can engage other aircraft with guns) : 
or at distances exceeding gun ranges (typically more than a kilometer: 
Or SO). ; 

To better understand the argument, one must know the relative | 
merits of each in air-to-air combat. The chief advantages of a missile : 
as an air-to-air weapon are its guidance and range capabilities. Unlike : 
cannon fire, which simply follows a ballistic trajectory, missiles typi- 
cally have sophisticated infrared-seeking capabilities and/or radar : 
guidance. These guidance systems assure a very high kill probability. 

On that basis, many argued fervently for the outright elimination | 
of gun systems on modern tactical aircraft, reasoning that air-to-air 
missiles (particularly when coupled with on-board radar systems) 


Figure 16. The M61A1 
Vulcan cannon. This 
modern 20mm 
Gatling gun, designed 
and manufactured by 
General Electric, is 
standard armament 
for many modern tac- 
tical fighters. This is 
the F-18 Hornet appli- 
cation, including the 
cannon, its ammuni- 
tion storage drum, 
and the chuting to 
carry live rounds to 
the gun and fired 
cases back to the 
drum. Different air- 
craft have different 
gun and storage drum 
layouts due to space 
and aircraft configu- 
ration considerations. 


would enable pilots to defeat enemy air combat fighters at extended 
ranges. To a great extent, such logic was sound. During the 1950s, the 
United States had developed an extremely capable air-to-air missile 
(the Sidewinder), which even today remains a frontline, state-of-the- 
art weapon. Most U.S. air-to-air combat victories in Vietnam were 
attained with the Sidewinder. 

Unfortunately, these same capabilities lend themselves to the mis- 
sile’s chief disadvantages, including the high costs associated with 
guidance and propulsion systems and the potentially low reliability 
that results from the complexities associated with such systems. 


Another set of disadvantages associated with missiles is the mini- | 
mum range requirement. An aircraft cannot engage another at extreme- | 
ly close range with missiles. If an enemy air combat fighter manages to | 
maneuver into close range, an aircraft armed solely with missiles is 
essentially defenseless. A related disadvantage is the relatively long : 
time it takes to achieve target lock-on. This time, which can be as much : 


as a few seconds, could conceivably provide a gun-armed enemy air- 
craft the slight margin required for victory (by allowing maneuvering 
to within less than the missiles’ minimum engagement ring). 

Based on all of the above, the bottom line during the 1950s was 
that most defense department planners were convinced that the air-to- 
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: McDonnell Douglas and others (under license) have manufactured | 
: variants of the F-4 for more than twenty years, delivering more than 
* five thousand of these awesome fighters. The F-4 has been a frontline : 
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air missile had irrevocably altered the course of future air combat. | 
Consequently, guns were not considered essential elements of all new 
fighter aircraft armament suites. Nonetheless, the 20mm M61 Vulcan : 
gun was incorporated into the Lockheed F-104 Starfighter, the ; 
Fairchild Republic F-105 Thunderchief, and the General Dynamics F- ; 
106 Delta Dart fuselage designs. The F-104 was the first production : 
fighter to fly with the Vulcan cannon. 


The F-4 Phantom Development Program 
The F-4 Phantom also entered development during the 1950s. This 


: is significant in that it demonstrates the continuing re-emergence of | 
? the guns-versus-missiles argument. Also, no discussion of U.S. fighter : 


fighter for the U.S. Air Force, Navy, and Marine Corps (and the air : 
forces of numerous U.S. allies) for three decades. 

When the F-4 entered development in the 1950s the armament | 
concept included four single-barreled 20mm guns, but these were : 
subsequently dropped in favor of missiles as the aircraft’s mission : 
changed to that of an all-weather interceptor. It wasn’t until the fifth 
variant of the F-4 emerged (the F-4E, fielded in 1967 as a response to : 
the requirements of the Vietnam War) that an internally mounted : 
20mm Vulcan was included. Today, however, almost any version of | 
the F-4 can carry the 20mm Vulcan Gatling gun in an externally | 
mounted centerline pod. The aircraft can also carry a similar pod- : 
mounted 30mm Gatling. (More information on these pod-mounted 
guns is included in Chapter 14.) 


Gatlings on Bombers 

For a brief period, strategic bombing mission scenarios mandated _ 
the inclusion of guns on bombers for defense against enemy intercep- : 
tors. Accordingly, the ill-fated B-58 Hustler flew with a 20mm Vulcan. } 
The B-58 was a 1950s-era nuclear bomber, but the plane was a main- | 
tenance nightmare and was soon dropped from the active inventory. : 
The Boeing B-52 Stratofortress was much more successful. It began | 
development in 1948, first flew in 1952, and has continued as a U.S. : 
Air Force frontline strategic and tactical bomber for nearly forty years. 
Even though newer strategic bombers have emerged (e.g., the F-111, | 
the B-1, and the B-2 Stealth Bomber), the B-52 will likely remain in | 
service past the turn of the century. The latest version of the B-52 (the | 
B-52H) has a single 20mm Vulcan mounted in its tail. Initially, B-52s | 
were equipped with four .50-caliber Browning machine guns, but : 
when the last variant of the B-52 (the H model) was fielded in 1960, | 


: the smaller .50-caliber weapons were replaced with the M61 Vulcan. 
: The concept was to provide effective defense against enemy intercep- 
tors. B-52s saw extensive use in Vietnam as tactical bombers, and 
: there are at least two instances of B-52s shooting down MiGs in that 
conflict with their Gatlings. 

The General Dynamics F-111 is another aircraft with a controver- 
: sial background. Even though the F-111 carries the designation of a 
: fighter, it is a bomber in reality. Like the B-52H, it also carries an inter- 
: nally mounted 20mm M61 Vulcan. The F-111 was developed in the 


early 1960s and was intended to be a “do-everything” aircraft. It was 
: envisioned as both a fighter and a bomber. Secretary of Defense : 
Robert McNamara even pushed it as a carrier-based aircraft (the U.S. | 


Navy never adopted the F-111 or any of its variants, however). 


The multirole controversy was further compounded by the rush to 
put the F-111 into service during the Vietnam conflict (the aircraft’s : 
first flight was in 1967, and it was sent to Vietnam shortly thereafter). : 


: Several aircraft were mysteriously lost in combat, which was later dis- 
: covered to be the result of poor-quality welding in the F-111’s tail- 
: control actuation mechanism. Other problems that plagued the air- 
craft included its controversial swing-wing design (and the tendency 
of the wing hinge to develop cracks), and the program’s enormous 
: cost overruns (which reduced initial procurement to just over one- 
: third of the planned 210 aircraft). 

The air force ultimately came to the realization that the F-111 was 
: not really a fighter at all, but a superb bomber. In fact, for a period it 
: was the air force’s only all-weather, day-or-night, pinpoint-accuracy 
: bomber. The United States maintains F-111 bomber squadrons in 
England (these were used in the mid-1980s strike against Libya) and 
: in the continental United States. The Royal Australian Air Force is also 
: equipped with the F-111. 


Gatlings on Fighters 

In addition to the fighter aircraft already mentioned, one should 
recognize that nearly every contemporary American air combat fighter 
and many attack aircraft fly with a variant of the Gatling gun. There 
are a few exceptions (mostly aircraft that carry multiple .50-caliber, 
20mm, or 30mm single-barreled cannon, such as F-5, the A-4, and the 
F-8). Almost any fighter or attack aircraft, however, can be configured 
to carry pod-mounted Gatlings. 

The subject of pod-mounted Gatlings is somewhat difficult to treat 
accurately because of the infinite variations possible, the large num- 
: ber of variants of particular aircraft models, and the numerous impro- 
: vised configurations developed during the Vietnam conflict. However, 
 non-pod-mounted Gatling applications for fixed-wing aircraft are 
summarized in Table 9-1. 


Gatling Guns 
Take to the Air 


69 


The Gatling 
Gun: 19th 
Century 
Machine Gun 
to 21st 
Century 
Vulcan 


70 


Gatling Gun Fixed Wing Aircraft Applications 


Table 9-1 


Aircraft Manufacturer Gatling Type Caliber Mounting 
AC-47 Douglas 3 GAU-2B/As 7.62mm fuselage 
AC-119G Fairchild 4MXU-470s 7.62mm fuselage 
AC-119K Fairchild 4 MXU-470s,2M61s 7.62mmand20mm__ fuselage 
AC-130A Lockheed 4 MXU-470s,4.M6ls 7.62mmand 20mm __ fuselage 
; AC-130E Lockheed 2 MXU-470s, 2M61s 7.62mmand20mm__ fuselage 
AC-130H Lockheed 2 MXU-470s, 2 M61s 7.62mmand20mm _ fuselage 
: AV-8 McDonnell Douglas GAU-12/A 25mm fuselage 
A-10 Fairchild GAU-8/A 30mm fuselage 
A-37 Cessna GAU-2B/A 7.62mm nose 
A-7 Vought M61 20mm fuselage 
' B52 Boeing M61 20mm tail 
B-58 General Dynamics M61 20mm tail 
F-104 Lockheed M61 20mm fuselage 
F-105 Republic M61 20mm fuselage 
F-106 General Dynamics M61 20mm fuselage 
F-111 General Dynamics M61 20mm fuselage 
F-14 Grumman M61 20mm fuselage 
F-15 McDonnell Douglas M61 20mm rt strake 
F-16 General Dynamics M61 20mm It strake 
F-18 McDonnell Douglas M61 20mm fuselage 
F-4 McDonnell Douglas M61 20mm fuselage 
OV-10 Rockwell M197 20mm fuselage 
S-2 Grumman GAU-2B/A 7.62mm fuselage 
An Antitank Gatling 


Another highly unusual Gatling application occurs in the Fairchild 
A-10 Thunderbolt, which carries the most powerful Gatling ever built. 
The A-10’s 30mm Gatling gun was designed specifically to defeat 
Soviet tanks, and the A-10 was the first aircraft to be designed around 
a Gatling gun. (The A-10 and its 30mm GAU-8/A Gatling cannon are 
described in detail in Chapter 11.) 


Gatlings on Gunships 
One of the most interesting of all Gatling applications is the U.S. Air 
Force gunship story, which involves the placement of numerous 
Gatlings on highly modified propeller-driven cargo aircraft. These 
became some of the most heavily armed aircraft in aviation history, and 
they have been used in a variety of combat roles in Southeast Asia, 
Grenada, Panama, the Middle East, and probably various classified 


2 
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Figure 17. The 
7.62mm mini-gun. 
This six-barreled .30- 
caliber weapon fires 
the NATO standard 
7.62mm round. It has 
found a home on a 
variety of rotary and 
fixed-wing aircraft. 


operations. (Chapter 
10 will discuss these 
specialized aircraft in 
greater detail.) 


Gatlings on 
Helicopters 
The helicopter 


a || pr - = saw limited use as a 
a j MT combat vehicle in the : 
Korean conflict and : 
then extensive use in | 
Vietnam. As the heli- ! 
copter was recog- | 
nized as a stable gun | 
platform ideally suit- : 
ed for air-to-ground | 


attack and air-sup- 
port, the Gatling gun 
quite naturally found 
its way into several 
such applications. 
eee ) The initial appli- 
cation of guns to maliGamteis occurred during the Korean War. 


Typically, this consisted of .30-caliber Browning machine guns on pin- 
: tle mounts in the helicopters’ doors. Door-mounted helicopter guns 
: were used in a ground suppression fire support role to a much larger 


extent in Vietnam. Typically 7.62mm M60 light machine guns in the 


doors of Huey helicopters, these were only moderately effective and 


quite inaccurate. 

In addition to the door mounts, a variety of special turrets were 
developed. These typically were mounted on the side of the heli- 
copter or, more commonly, underneath the fuselage. Some had aim- 
ing systems linked to the gunner’s line of sight, such that the gun was 


always aimed at whatever the pilot viewed. 


Helicopter armament came of age during the U.S. involvement in 


Vietnam. New helicopter assault tactics were developed, and with 
? them came new applications of the Gatling gun, new Gatling guns, and 


even new helicopters. One example was the placement of the 5.56mm 


: XM214 Gatling on the Huey (this gun fired the same round as the M16 


infantry rifle). The XM214 five-barreled Gatling gun could fire at up to 
10,000 RPM. Another was the GAU-2B/A 7.62mm Gatling, which also 


found a home on the Huey. Yet another was the 12.7mm (the old .50- 


caliber Browning machine gun round) Gatling, in both three- and six- 
barreled versions. The .50-caliber Gatling gun (known as the GECAL 
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50, and shown in Figure 18) was an outgrowth of the Grenada incur- : 


sion, in which the 7.62mm was found to be only marginally effective 
against hardened targets. The GECAL 50 is mounted on the army’s 
new Blackhawk helicopter. It will also find a home on the develop- 
mental V-22 Osprey, a vertical takeoff and landing aircraft. 

The Huey Cobra was developed by Bell Helicopter during the 
Vietnam conflict. It was initially intended to be an interim weapons 
platform until the army fielded its planned Apache attack helicopter, 
but the Cobra took on a life of its own. It became the first armed heli- 
copter developed exclusively as such. 

The Cobra can carry an impressive array of weapons, including 
several antitank missiles, rockets, and a variety of gun systems. Several 
Gatling gun variants have been fitted to the Cobra, including the basic 
7.62mm version, a turret with either two 7.62mm Gatlings or one 
Gatling and a 40mm grenade launcher, the M197 three-barreled 20mm 
Gatling, and the GAU-12/U five-barreled 25mm Gatling. Different 
weapons have been fitted in accordance with customer specifications. 
The Cobra is currently flying with the U.S. Army, the U.S. Marine 
Corps, and the armed forces of Israel, Jordan, Pakistan, and Japan. 

When the Apache attack helicopter finally materialized in 1982 
(the Cobra had been an “interim” attack helicopter since 1965), it 
included a 30mm Hughes Chain Gun in its nose turret instead of a 
Gatling. The Chain Gun is a single-barreled weapon that uses a chain 


Figure 18. General 
Electric’s GECAL 50 
.50-caliber Gatling 
gun. Both three- and 
six-barreled versions 
of this weapon are 
offered, with firing 
rates up to 10,000 
RPM. 


Figure 19. The M197 
Vulcan cannon. This 
20mm Gatling, a 
three-barreled version 
of the M61A1 Vulcan, 
has been fitted to sev- 
eral aircraft. 


drive to cycle 
the action. 
One other 
most unusual 
aircraft that 
bears further 
mention is the 
Bell/Boeing V- 
22 Osprey, 


(thereby point- 
ing its oOver- 
sized twin propellers upward) and take off, land, and hover like a heli- 
copter. The V-22 can also bring its engines and propellers forward and 
fly like a conventional fixed-wing aircraft. As is the case with any new 
aircraft, the V-22 is experiencing a turbulent development program. 
The aircraft appears to be technically sound, but congressional and 
service support (and therefore funding levels) have varied. The air- 
craft is mentioned here because its planned armament also includes 
the 25mm GAU-12/U Gatling (in addition to the GECAL 50, as men- 
tioned earlier). 
In addition to those mentioned above, a variety of other heli- 
copters have been armed with Gatling guns. Table 9-2 summarizes 
Gatling-armed rotary-wing aircraft. 


Table 9-2 
Gatling Gun Rotary Wing Applications 
Aircraft Manufacturer Gatling Type Caliber 
AH-1 Cobra Bell M197 20mm 
AH-1 Cobra Bell GAU-12/U 25mm 
AH-1 Cobra Bell M28 7.62mm 
CH-47 Chinook Bell SUU-11B/A 7.62mm 
CH-53 Super Jolly Sikorsky M134 7,.62mm 
H-2 Seasprite Kaman M134 7.62mm 
H-76 Eagle Sikorsky M134 7.62mm 


OH-58 Kiowa’ Bell M134 7.62mm 


which is being ; 
developed for | 
the U.S. Marine | 
Corps. The V- | 
22 is a tilt-wing | 
aircraft. It can | 
tilt its engines | 
straight up 
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Aircraft Manufacturer Gatling Type Caliber 


OH-6 Cayuse McDonnell Douglas M134 7.62mm 
UH-1 Huey Bell M134 7.62mm 
UH-1 Huey Bell GECAL 50 12.7mm 
UH-1 Huey Bell XM214 5.56mm 
UH-60 Black Hawk Sikorsky M134 7.62mm 
UH-60 Black Hawk Sikorsky GECAL 50 12.7mm 
V-22 Osprey Bell GAU-12/U 25mm 
The Gatling 
Gun: 19th 
Century 
Machine Gun 
to 21st 
Century 
Vulcan 
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y| () The Gunship 


Story 


be roar from the twin rotary-pistoned engines was : 
nearly deafening as the lumbering AC-47 circled the : 
overrun Special Forces base camp high in the Laotian : 
mountains. The aircrew regarded the noise as a nui- : 
sance, but to the Green Beret colonel and the six surviv- } 
ing NCOs in the command bunker in the center of the overrun camp, it : 


sounded wonderful. 


“Sierra Foxtrot Seven, this is Puff, over,” the colonel heard on his 


: portable radio. Three shots rang out from an NCO’s M16 as he killed a 
: North Vietnamese regular who tried to penetrate the bunker. The 
colonel looked up to see if the sergeant would fire any more, and when 
it appeared that he wouldn't, the colonel keyed the microphone and 
spoke. 

“Roger, Puff, we hear you. Request saturation fire over our camp, 
over,” the colonel said. 

“Sierra Fox, aren't your people in the camp? Over,” the aircraft 
commander responded. 

“We're under sandbags in the center,” the colonel said. “Any of ours 
out there are already dead, over.” 

“Roger, Sierra Fox. Out,” the pilot answered. The AC-47 pulled into 
: a tighter orbit over the base camp. Some of the North Vietnamese fired 
: futilely at the old Douglas aircraft with their AK-47s, but none of their 
' bullets connected. The pilot entered what was to become a classic gun- 
' ship pylon orbit, and the gunners opened fire. The AC-47s three mini- 
guns rained .30-caliber projectiles on the target at a rate of 18,000 
: RPM. The earth jumped into the air as the bullets impacted only inches 
apart throughout the interior of the camp’s perimeter. All of the North 
Vietnamese soldiers lay lifeless, their bodies twitching only when struck 
by the 147-grain full-metal-jacket projectiles. 


During the early stages of the Vietnam War, the U.S. Air Force 
? recognized the need for an aircraft that could fly at low altitudes, 
? remain aloft for long periods of time, and place saturation fire on 
' lightly armored targets. To meet this need, vintage World War II 
' Douglas C-47 cargo planes were pulled from storage and equipped 
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with side-mounted 7.62mm Gatling-based Vulcans. The new AC-47s ; 
were enormously successful. But actually, the concept of the side- | 
firing airborne weapons platform preceded the Vietnam War by sev- 
eral decades. 


The Early Days 
The concept of the side-firing weapons platform emerged in 1926, : 
when Ist Lt. Fred Nelson of the U.S. Army mounted a .30-caliber |: 
machine gun on the side of a de Havilland DH-4 biplane. Nelson’s ; 


: idea was that if he flew a low-altitude, banked turn around an imagi- 
: nary point on the ground (a pylon turn), the side-mounted machine 
? gun would remain aimed at the target during the maneuver. The test 
: may have been successful (no records were kept), but as the United 
: States was not at war, there was no need to take the concept further. 


The idea reemerged in 1945, when a gentleman named Gilmore 


' MacDonald suggested that it could be used for air attack of surfaced 


enemy submarines. He even went so far as to suggest the use of an air- 
craft armed with a bazooka, reasoning that its armor-penetrating capa- 
bilities would be more effective than machine gun fire. MacDonald’s 
idea died in 1945 for the same reason that Nelson’s did in 1926. World 
War II ended, and the need for such a weapon disappeared. 
MacDonald was convinced that the side-firing airborne weapons : 
platform was a sound concept, though, and he resubmitted the idea | 
to the U.S. Air Force Tactical Air Command in September 1961. The air _ | 
force turned it down again, but shortly thereafter a fortuitous event | 
occurred. While on reserve duty at Eglin Air Force Base, MacDonald 
met Ralph Flexman, a Bell Aero Systems engineer. The two men 
refined the concept, and Flexman submitted it to the U.S. Air Force 
Systems Command in December 1962. In his letter to the air force, | 
Flexman explained the theoretical advantages of a side-firing | 
weapons platform: “.. . lateral firing, while making a pylon turn, will 
prove effective in controlling ground fire . . .” 
Around this time the Vietnam War was beginning to intensify, and _ 
Flexman’s letter reached the right people. In May 1962, the systems : 
command at Wright-Patterson Air Force Base initiated a low-key effort | 
known as Project Tailchase. The project involved flying the types of | 
maneuvers Flexman proposed in an old T-28 test aircraft. The T-28, | 
flown by Capt. John Simons, used a rather unsophisticated grease : 
pencil line as a sighting device to determine whether a constant aim 
point could be maintained. The tests were strictly for sighting; no 
armament of any type was used. Simons’ initial tests were successful, 
and the concept began to gain momentum. In January 1963, Simons: 
flew a C-131 cargo plane equipped with special cameras to further 
develop lateral sighting techniques. These tests continued into 1964, : 
all without any live firing. In mid-1964 the Aeronautical Systems 


: Division at Wright-Patterson Air Force Base was searching for new 
: weapon employment ideas to meet deficiencies in existing tactical 
: capabilities. Capt. Ron Terry, a Vietnam veteran who was part of the 
: team assigned to this search, reviewed the files on Project Tailchase 
: and recognized the capabilities it suggested. 

The next step was a live-fire test. The Aeronautical Systems 
' Division’s Limited Warfare Office and the Flight Test Operations group 
: at Wright-Patterson developed a test program that utilized a 7.62mm 
 Gatling-type mini-gun mounted in a C-131. The tests, flown at Eglin 


Air Force Base in August of 1964, were extremely successful. The fea- ; 
i sibility of the concept and the deepening involvement in Vietnam led : 


to the AC-47 Dragon Ship program. 


The AC-47 Dragon Ship 


The need for an airborne platform capable of delivering saturation : 
fire had become so great that the gunship program proceeded at great : 


: speed. In September of 1964, only one month after the first live-fire 
: test, three MXU-470/A 7.62mm mini-guns were mounted to fire out 
: the left side of an old Douglas C-47. This aircraft was tested at Eglin, 
: and in December Captain Terry took it to Vietnam. 

The new gunship was designated the AC-47 Dragon Ship and 
: assigned to the 1st Air Commando Squadron. Captain Terry and his 
: crew were assigned to roving patrol missions and soon showed the AC- 
: 47 to be quite effective. Several more AC-47s were built by E-Systems in 
: Greenville, Texas, and sent to Vietnam. The AC-47s worked primarily at 
: night to defend Special Forces base camps and air base perimeters, 
: using their sensors and illuminators to find targets of opportunity. 
Captured enemy soldiers admitted they were terrified of the AC- 
: 47. Capable of firing all three guns at a combined rate of 18,000 RPM, 
' the AC-47 was described by the Vietcong as a “fire-breathing dragon.” 
: The description took, and the aircraft became known as “Puff, the 
Magic Dragon.” Later on, it became known as “Spooky,” no doubt to 
= describe the effect it created when firing. 

There were problems with the AC-47, though. The basic aircraft, hav- 
ing first flown in 1935, was generally acknowledged to be underpowered 
? and overburdened. Another detraction was the limited effective range of 
: the 7.62mm mini-guns. This required the AC-47 to fly at relatively low allti- 
' tudes, making it extremely vulnerable to antiaircraft fire. In certain opera- 
: tional scenarios, however, the AC-47 was an ideal aircraft for the ground 
: saturation-fire mission (as demonstrated by the fact that, even today, the 
: Salvadoran Air Force is considering modifying as many as five C-47s to 
: the AC-47 configuration). The United States recognized that requirements 
: for new mission capabilities were developing in Vietnam, though. Existing 
! AC-47s were transferred to the South Vietnamese air force, and work 
began on an even more powerful gunship. 
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The AC-130 Spectre 

In an effort to address some of the AC-47’s deficiencies, the air 
force began to develop a highly modified version of the C-130 
Lockheed “Hercules.” During all of the AC-47 development work and 
combat deployments, Captain Terry was formulating an idea for an 
even more powerful weapons platform. He presented his concept to 
senior air force officers, and they approved it. The Aeronautical 
Systems Division at Wright-Patterson Air Force Base supplied a C-130A 
cargo plane, which was—and still is—the largest propeller-driven 


: Cargo aircraft in the air force inventory. 


E-Systems of Dallas, Texas, mounted four 7.62mm mini-guns and 


: four 20mm Vulcans in the C-130A. As had been the case on the earlier 
: gunships, all were mounted to fire out the left side of the aircraft. Live 
: firing tests of the new AC-130A were conducted at Eglin Air Force 
: Base in June 1967. 


Interestingly, the test that had the most influence on the decision 
to continue the AC-130 gunship project actually represented a signifi- 
cant failure. In this test, the first AC-130A was supposed to fire a 5-sec- 
ond burst from all eight Gatling guns as the aircraft executed a pylon 
turn. Several high-level air force dignitaries witnessed the test, but 
what they saw was a far cry from a short 5-second burst. An electron- 


Figure 20. An AC-130 
Spectre over Hurlburt 
Field, Florida. These 
aircraft, which flew 
successfully in 
Vietnam and several 
other U.S. military 
actions (including 
Grenada and 
Panama), are nor- 
mally based out of 
Duke Field on the 
Gulf of Mexico. The 
aircraft is simulating 
the banked pylon turn 
it would fly when 
engaging a target. The 
pods on the left side 
include a laser and 
other target-sensing 
and ranging devices. 


Figure 21 “From 
Spooky to Spectre,” an 
air force painting 
showing both the AC- 
47 and AC-130 gun- 


ships engaging targets. : 


ics failure in the gunfire control circuitry caused all eight guns to con- 
tinue firing after the trigger had been released. The pilot kept the AC- 


130A in its pylon turn until all eight guns ran out of ammunition, 


: which lasted for about one orbit of the aircraft. The effect was spec- 
tacular. All eight guns were firing tracer ammunition—the 7.62mm 
: Gatlings at 6,000 RPM and the 20mm Gatlings at 2,500 RPM. The AC- 


130A was delivering a concentrated spray of tracer ammunition at a 


combined rate of 34,000 RPM! 


The generals and other dignitaries witnessing the test did not know 


: there had been a failure. They thought the massive display of lethality ; 
: had been planned. They were most impressed, particularly in light of : 
: the perimeter defense and Ho Chi Minh Trail problems being experi- | 
: enced in Southeast Asia. Shortly thereafter, Captain Terry was given } 
! permission to take his AC-130A to Vietnam. He returned to Vietnam | 
: with the AC-130A in September 1967 and became Detachment 2 of the 
: 14th Air Commando Wing. The new AC-130A was nicknamed : 
“Superspook” in direct reference to its AC-47 heritage. The name was _ 


later changed to Spectre. 
Soon after arriving in Vietnam, Captain Terry was promoted to 


major, and a second AC-130A arrived in Vietnam. This aircraft kept the 
: four 7.62mm mini-guns and two of the 20mm Vulcans, but it replaced 
: the other two Vulcans with two 40mm Bofors automatic cannons. The 


Bofors is a single- 
barreled gun system 
capable of firing 125 
shots per minute Cit 
is not based on the 
Gatling principle). 
The new AC-130A 
also had a more ad- 
vanced fire-control 
system. As had been 
the case on all AC- 
series gunships, all 
weapons fired from 
themlettsside of ihe 
aircraft. 

Major  Terry’s 
two AC-130As be- 
came legendary in 
Vietnam, rapidly 
earning the aircraft 
a reputation as a 
most valuable inter- 
diction weapon. 
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The Spectre soon acquired yet another nickname, “Truckbuster,” : 
because of the incredible lethality the two aircraft displayed in stop- | 
ping traffic along the Ho Chi Minh Trail. In less than three years, the 
two AC-130As destroyed more than five thousand enemy trucks. 


The AC-119 Shadow and Stinger 

The AC-130 was enormously effective in Vietnam, but there sim- ; 
ply weren’t enough of the big gunships to meet the demands for their : 
services. In an effort to address this deficiency, the air force began ; 


: work on a modified Fairchild C-119 “Flying Boxcar,” the twin-boom |: 
: cargo plane developed and fielded in the closing days of World War : 
: II. The original version of the C-119-based gunship was the AC-119G, ; 
nicknamed the “Stinger,” which first flew in 1967. 


The Stinger’s two 3,350-horsepower Wright radial piston engines : 


3 gave it more power than the AC-47. It had four 7.62mm mini-guns, all 
‘ firing out the left side. Other equipment included a night illumination; 


system, image intensifiers, a fire-control computer, various optical 
sighting systems, a flare launcher, and crew armor protection. In all, 
twenty-six AC-119Gs were built. 

Even with its enhanced target acquisition capabilities and additional : 
firepower, though, the AC-119G still suffered from the same problems as_ : 
the AC-47. With all of the added equipment the AC-119G was carrying, it | 
was overburdened. Also, it did not offer any increase in maximum effec- 
tive range for its primary armament. Even though it added a fourth mini- | 
gun, that was only 7.62mm. The AC-119G could put more firepower on | 
the target, but it still had to get fairly close to the target to do so. 

To solve these problems, the air force next fielded the AC-119K, 
nicknamed the “Shadow.” The AC-119K offered significant improve- | 
ments in armament and propulsion. It kept the four 7.62mm mini-guns_ : 
of the AC-119G and added two 20mm Vulcans. The 20mm Vulcans gave | 
the SAC-119K significantly greater standoff from the target, and for the | 
first time, the capability of delivering high-explosive projectiles. Like its 
predecessors, the AC-119K also represented the largest concentration | 
of airborne Gatling-based firepower ever flown. All six weapons fired | 
from the left side of the aircraft, and the basic ammunition load exceed-_ | 
ed 100,000 rounds. To overcome the power problems suffered by both : 
the AC-47 and the AC-119G, the AC-119K was equipped with two : 
General Electric 2,850-pound thrust turbojets mounted in pods under- | 
neath the wings. The jet engines augmented the older radial piston | 
engines so that the AC-119K was both propeller- and jet-driven. 

The Shadow also offered several improvements in terms of tar-_ 
get-acquisition capability. In addition to the equipment carried by | 
the AC-119G, the AC-119K had a forward-looking infrared sensor, a 
forward- and side-looking radar, and precision navigation and com- : 
munication equipment. 


There were twenty-six AC-119K Shadows built for a total of fifty-two 
:; AC-119 gunships. These aircraft were later retired as the Vietnam War 
: wound down and more AC-130 gunships were added to the inventory. 


Tactics 
: As of this writing, all of the U.S. AC-47s and AC-119s are retired. 
: The U.S. Air Force relies heavily on the AC-130, however, for a variety 
: of military operations. The AC-130 series of gunships usually carries a 
: crew of fourteen airmen and officers. The crew includes a pilot, a 


copilot, a navigator, a flight engineer, a fire-control officer, an elec- : 
: tronic warfare officer, two sensor operators, one illuminator operator, | 
: and five gunners. The aircraft mission includes close air support, : 
: armed interdiction, reconnaissance, armed escort, forward control, : 


: and search and rescue. 


As mentioned earlier, the AC-130 earned its “truckbusting” reputa- | 
: tion primarily on the basis of its armed interdiction mission on the Ho : 


: Chi Minh Trail. An engagement normally began with one of the sensor 
: Operators acquiring a target, which was usually a column of trucks. 
The AC-130A is equipped with low-light-level television (capable 
: of collecting and displaying images in low-light conditions), forward- 
: looking infrared, radar, and optical sensors. Once the target is spotted, 
: it is handed off to the pilot and the illuminator operator. The pilot has 
: a gunsight with two pips (or dots) displayed on a screen. One pip rep- 
: resents the target, and the other represents the predicted gunfire 
: impact point. The illuminator operator (sometimes referred to as the 
: “vertical observer” because of the manner in which he hangs out of 
: the rear of the aircraft) assists the pilot by training the 2,000-watt illu- 
: minator on the target, and by releasing flares for the same purpose. 
: The illuminator operator also gives the pilot information on how to 
: position and maneuver the aircraft. The pilot adjusts the angle of bank, 
: speed, and altitude until the two gunsight pips are superimposed. At 
' this point, the gunners fire at the target. The illuminator operator spots 
' where the gunfire impacts and provides feedback to the pilot and 
i crew to adjust fire as necessary. 

Normally, the tactic employed when engaging a column of enemy 
' trucks along the Ho Chi Minh Trail was to engage the first and last 
' trucks in the column, thereby anchoring the column in place. The AC- 
130A would then continue to orbit, destroying the entire column. 


AC-130A Enhancements 
Major Terry continued to push for even more powerful versions of 
: the AC-130A, and in February 1972, his efforts resulted in the AC-130E. 
: The AC-130E gunship had four 7.62mm mini-guns, two 20mm 
? Vulcans, one 40mm Bofors automatic cannon, and (incredibly) a 
direct-fire 105mm howitzer. A little more than a year later, the AC-130F 
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was redesignated the AC-130H. The AC-130H incorporated a laser tar- | 
get designator and in-flight refueling capability. This aircraft could ; 
also be optionally armed with bomblet dispensers, grenade projec- : 
tors, and rocket pods. 


Gunships Today 

Today, both the AC-130A and the AC-130H fly with the U.S. Air : 
Force. The 919th Special Operations Group, an Air Force Reserve unit : 
based at Duke Field in Florida, flies ten AC-130As. This unit, which first; 


: received the AC-130 in June of 1975, is charged with the mission of pro- : 
' viding “an operationally ready force capable of providing close air sup- : 
: port, armed reconnaissance, armed interdiction and escort, plus forward : 
: air control and search and rescue missions in the AC-130A aircraft.” 


One of the more interesting applications of this mission occurs every 


time the space shuttle lifts off from Cape Kennedy. The 919th supports : 
* the lift-off with three AC-130As. The gunships use their forward-looking | 


infrared and low-light-level television sensors to provide surveillance of : 
the launch site and surrounding areas. They also keep the flight corridor: 
from the launch site to the rocket motor splashdown area clear. The 
three AC-130As are also ready for search and rescue duty should a shut-_ | 
tle launch be aborted. On the very first shuttle launch, the 2000-watt illu- | 
minator was used to light the way for the astronauts when they traveled | 
from the operations building to the shuttle. 

The Tactical Air Command’s Special Operations Wing at Hurlburt : 
Field (also in Florida) flies the AC-130H. This unit is part of the active | 
air force and, like its reserve counterpart, has ten of the gunships (for | 
a total of twenty in the air force inventory). 

AC-130 crew members speak of the aircraft and its capabilities in | 
glowing terms. The AC-130 family of gunships offers more firepower 
than any other close-air-support aircraft, three to five times the loiter | 
capability of fighters (especially at low altitudes), greater accuracy, | 
and greater ability to engage the enemy with a variety of sophisticated | 
sensors and up to seven people looking for targets. 


Summary 

As is the case for many aircraft flying with Gatling guns, the AC-47, | 
AC-119, and AC-130 family of gunships is one of the most intriguing | 
stories in aviation history. From the AC-47 (which is still flying in the } 
air forces of other nations) to the ultralethal AC-130H, the airborne : 
gunship concept has proven its merit. The operations of the air force’s_ 
two AC-130 units are shrouded in secrecy, which suggests the gun- : 
ships still see combat duty (AC-130s are rumored to have participated | 
in the recent Grenada and Panama actions). The gunship story is yet | 
another tribute to the Gatling gun, as these gunships form a vital com- | 
ponent of the United States’ tactical air warfare capability. : 


1] The A-10 
Thunderbolt Story 


s the column of Soviet armored vehicles rolled across the ' 
open Eastern European plain, the lumbering sound of 
diesel engines and clanking treads drowned out all else. : 
Russian infantrymen struggled to keep up, shouting to ' 
(but not hearing) each other. 
Suddenly, a roar different than that emanating from the tanks 83 
engulfed everything. It sounded like a powerful internal combustion : 
engine (perhaps that of a race car) running at full throttle. The 
infantrymen started dropping as the tanks slowed to a stop. From the 
rear of the column, and working toward the front at an incredible 
rate, the ground erupted all around in 10-meter-wide explosions. 

: Three of the tanks burst into flames, one blowing its turret off the bull. 

: Black smoke was everywhere. 

An A-10 passed overhead, its 30mm Avenger gun continuing to 
roar, throwing out high-velocity depleted uranium penetrators and a 
20-foot-long muzzle flash. The aircraft swung low as it passed the col- 
umn. One of the infantrymen not killed in the first pass realized that 
the devilish craft was circling for another pass, and in addition to feel- 
ing raw terror, he suddenly felt very ill. 


Of all the Gatling-gun-equipped aircraft flying today, one of the 
' most intriguing is the A-10 Thunderbolt If. Nicknamed the “Warthog” 
by the crews who fly it, the A-10 is the first airplane designed from the 
ground up around a Gatling gun. It carries the most powerful Gatling 
gun ever built. 


The Close Air Support Problem 
The need for the Thunderbolt II and its very specialized mission 
' was recognized during the conflicts in Korea and Vietnam. In these 
‘ conflicts, U.S. aircraft were the best in the world for air-to-air combat. 
? In the Korean War, these superb fighters included the F-86 Sabre, F-84 
Thunderjet, F-80 Shooting Star, and F9F Panther. The F-4 Phantom, the 
: F-111, the F-8, the A-7, and several others saw action in the Vietnam 
? War. Vietnam-era tactical aircraft included such features as supersonic 
speeds, terrain-following radar, computer-assisted weapon delivery 
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systems, and even such things as exotic as wings with adjustable 
sweep angles. 

One problem with these aircraft, however, was that they were 
designed primarily for air-to-air combat. This made them less than 
ideal for close-air-support missions (which support ground troops by 
engaging enemy ground targets). Having been designed for air-to-air 
combat, they had to be fast and maneuverable, and capable of flying 
at high altitudes. This placed constraints on the amount and kinds of 
ordnance that could be carried. Their high speed also meant the air- 


Figure 22. The A-10 
Warthog firing its 
30mm Avenger can- 
non. This aircraft was 
actually designed 
around its powerful 
Gatling cannon. Each 
30mm round has 
more muzzle energy 
than a World War II 
75mm howitzer! 


planes had a high stall speed, which detracted from accurately deliv- 
ering ground fire. In the close-air-support role, where the pilot would 
be required to engage ground targets in close proximity to friendly 
troops, inaccurate delivery systems were unacceptable. 

Most of the aircraft that flew in Vietnam were designed with late 
1950s and early 1960s technology. During that era, vulnerability to 
small-arms ground fire was not recognized as a key design parameter. 
Unfortunately, this is precisely the environment in which close-air- 
support aircraft must operate. In the Vietnam War, more U.S. aircraft 


were downed by small-arms fire than by any other means. There is 
even a confirmed case of an F-4 Phantom being shot down by a single 
rifle bullet. 

The most significant drawback of existing close-air-support aircraft 
(i.e., those used in the close-air-support role prior to the advent of the A- 
10) was that they were ineffective against tanks. With enemy armor being 
one of the main threats to NATO forces in the European theater, military 
planners recognized that an aircraft with new capabilities was required. 


The A-X Requirements 


The close-air-support deficiencies the United States had observed | 
during the Korean and Vietnam conflicts defined the need for the A-X : 
aircraft in the mid-1960s (A-X stands for “Attack Experimental”). The | 
air force initially envisioned a turbo-prop aircraft. The idea was that a | 
current-technology version of the World War II Thunderbolt would : 
best satisfy the requirements (note that World War II vintage Thun- 


derbolts were used in a close-air-support role in Vietnam). 

The A-X specification was based primarily on deficiencies in exist- 
ing aircraft. One of the requirements was an extremely accurate ord- 
nance delivery system, because friendly ground troops could be with- 
in yards of the enemy. A high payload was also needed. As explained 
earlier, most existing tactical aircraft had been designed to maximize 
either maneuverability, speed, altitude, or some combination of these 
parameters. Payload had necessarily suffered. 

The A-X aircraft also had to be able to remain in the air near the 
target for long periods of time, which is referred to as “loiter capabili- 
ty.” Existing tactical aircraft had been designed to operate at high alti- 
tudes. When flying at the low altitudes associated with close-air-sup- 
port missions, they consumed excessive amounts of fuel. This translat- 
ed to short loiter capabilities, which detracted from the effectiveness 
of close-air-support missions. 

The air force also stipulated that the new A-X aircraft needed to have 
good “survivability” characteristics, meaning it should be relatively 
invulnerable to small-arms fire from the ground. To ensure that the air- 
craft met this requirement, the air force specified armor protection, 
redundant flight-control systems, and fire-suppression equipment. 


The Armor Threat 

The main requirement for the A-X aircraft, however, was that it be 
able to contribute significantly to the NATO defense of Eastern 
Europe, and that meant it had to be able to defeat tanks. (The Soviet 
Union and its Warsaw Pact allies had tens of thousands of tanks 
deployed along the East-European frontier. In any European combat 
scenario, the United States and the nations of Western Europe would 
have had to be able to defeat these tanks.) 
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To meet this threat, the United States developed (and continues to 
develop) many antitank weapons. These include shoulder-fired anti- 
tank weapons, large-caliber recoilless rifles, aircraft-delivered missiles 
and bombs, smart munitions, and several other systems. No U.S. air- 
craft, however, carried a gun system capable of defeating Soviet tanks. 


The Flyoff Competition 
In 1967 the U.S. Air Force solicited proposals from twenty-one com- 
panies to build a prototype A-X aircraft. After evaluating all of the pro- 


: posals, it selected Northrop and Fairchild Republic as contenders to 
: enter the final phase of the competition. As part of a new procurement 
: policy, it funded both companies to develop aircraft meeting the A-X 
' specifications. After Northrop and Fairchild finished building the proto- 
types, the air force conducted extensive tests prior to making a decision. 


During the competition, Northrop teamed with Ford Aerospace 


Figure 23. A tank 
struck by GAU-S/A 
ammunition from the 
A-10 Thunderbolt. 
The GAU-8/A ammu- 
nition includes a mix 
of high explosive and 
depleted uranium 
projectiles. 


Figure 24. The GAU- 
8/A 30mm Gatling 
gun. The size and 
power of the Avenger 
cannon are obvious 
in this photograph. 


and Communications Company. Ford built the gun used in the 
Northrop aircraft, which was designated the A-9. Unfortunately for 


both Northrop and Ford, the Ford gun experienced many problems 


during the test program, including blowing up on at least one occa- 
sion. The antitank gun was the primary weapon for the A-X aircraft, 
and because the Ford gun (which was also based on the Gatling prin- 
ciple) performed poorly, the outlook for the Northrop A-9 was bleak. 
Fairchild Republic teamed with the General Electric Armament 


: Division to build the A-10. The A-10 carried a new 30mm version of 
: the Gatling gun named the “Avenger,” which was based on the older ; 
: 20mm Vulcan but was much more powerful. When General Electric : 
: became involved with the A-X program, it had nearly twenty years of | 
: development and production history with Gatling guns of various con- : 
figurations. This experience was apparent during the test program, 
: and the 30mm Avenger performed superbly. The A-10 rapidly demon- : 
: strated that it was a superior aircraft. The prototype flyoff competition 


ended in late 1972, and the A-10 was selected for a planned produc- 


tion run of six hundred aircraft. 


The A-10 Thunderbolt II 
The A-10 Thunderbolt II is unlike any aircraft in the U.S. inventory. 
It is quite unconventional in appearance when compared to other tac- 
tical jet aircraft, and for good reason. One notably different aspect of 


| the A-10 is its unswept wings. The stubby wings are straight to allow 


flying at the very low speeds required for the close-air-support role. 


: Another striking difference is the location of the engines, which are 


mounted high above the rear fuselage. There are two reasons for this. 
One is better protection from enemy small-arms fire. Another is that 


: the rear fuselage masks the engines’ heat signature, providing better 
: protection from heat-seeking missiles. 
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The A-10 has many other unique features that are not as readily | 
apparent. One is a high degree of component and subassembly inter- | 
changeability. To the maximum extent possible, left and right compo- : 
nents of the aircraft are identical, which considerably reduces the : 
number of spare parts needed to support it. The interchangeable com-_ : 
ponents include the engines, landing gear, rudders, and many parts of | | 
the wings and tail. The landing gear design is also unique in that when: 
it is retracted, the main and nose wheels protrude slightly beyond the : 
outline of the fuselage. This permits the A-10 to make emergency : 


: gear-up landings without damage. 


The A-10 is designed to survive small-arms fire. Control cables and : 
hydraulic lines are routed so that one projectile could not inflict : 


The A-10 payload is quite impressive. In addition to 30mm ammu- 
nition, the A-10 can carry missiles, bombs, cluster bombs, and other 
munitions, for a total of up to 18,500 pounds of ordnance. This is : 
approximately equal to the weight of the aircraft, and is about double: 
the payload of other aircraft used in the close-air-support role. 

Yet the A-10’s most intriguing feature is undoubtedly its 30mm 
Avenger Gatling gun. 


The World’s Most Powerful Gatling Gun 

The heart of the A-10 is its 30mm gun. The military designation for | 
this gun is the GAU-8/A (the GAU is pronounced “gow,” and is an | 
acronym for Gun, Automatic, Utility), and the A-10 was literally | 
designed around it. The GAU-8/A is a seven-barreled 30mm Gatling | 
gun that weighs approximately 3,900 pounds fully loaded (or about 20 | 
percent of the total aircraft weight). The gun is hydraulically driven and : 
is fed through a double helix drum and ammunition feed system similar 
to that of the 20mm Vulcan (more on the feed and storage system later). | 
One way to appreciate the power of this gun system is to consider : 

it in relation to the A-10. The gun is mounted to place the firing barrel | 
on the exact centerline of the aircraft, and for good reason. When fir- | 
ing at the maximum rate of 4,200 RPM Cit can also fire at a reduced | 
rate of 2,100 RPM), the GAU-8/A generates about 19,000 pounds of | 
recoil. To put this in perspective, consider the power of the A-10’s two : 
fan turbine engines. Each of these generates about 9,000 pounds of 
thrust. When both engines are at full throttle, they generate a com- | 
bined thrust of 18,000 pounds, which is less than the recoil of the 
GAU-8/A. In other words, when firing at maximum rate, more recoil | 
force is generated by the GAU-8/A than by both of the engines oper- 
ating at full throttle! The effect is quite noticeable, as the gun actually | 
slows the A-10 when it is firing. 


The high recoil of the GAU-8/A gun is also the reason the firing 
barrel is along the aircraft centerline. If it were not, the A-10 would 
turn away from the target each time the gun fired. Aircraft carrying 
the 20mm Vulcan in an off-centerline position are also susceptible 
to this phenomenon, but the recoil of the 20mm gun is small 
enough to allow for compensation by offsetting the rudder a few 
degrees. This is normally programed into the flight-control comput- 
er and requires no action by the pilot. That approach would not 
work on the A-10, though. The GAU-8/A gun simply generates too 
much recoil. 


The GAU-8/A Gun System 


The GAU-8/A Gun System is made up of four subsystems: the gun, : 
the ammunition feed and storage subsystem, the drive subsystem, and : 
the electrical control subsystem. Specifications for the GAU-8/A gun | 


system are presented in Table 11-1 and explained below. 


Table 11-1 
GAU-8/A Gun System Specifications 
Gun type: 7-barrel Gatling 
Ammunition: 30mm HEI, TP, API 
Firing rate: 4,200 or 2,100 spm 
Gun system weight (loaded): 3,867 pounds 
Gun system weight (unloaded): 1,861 pounds 
Gun weight: 661 pounds 
Drum weight: 780 pounds 
Capacity: 1,200 rounds (drum); 1,350 rounds (system) 
Drive: hydraulic 
Gun length: 112.83 inches 
Barrel length: 93.1 inches 
Clearing: reverse rotation 
Peak recoil: 19,000 pounds 
GAU-8/A Gun 


The GAU-8/A gun is a seven-barrel Gatling-based automatic can- 
non (see Figure 25). The gun subsystem consists of the following nine 
major components: 


Rotor assembly. The rotor assembly is made up of the forward rotor 
(which accepts the barrels and is geared to the gun drive shaft) and 
the mid-rotor (to which the bolt guide tracks are mounted). The rotor 
assembly operates in the same manner and provides the same func- 
tions as that of other Gatling guns. 
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Housing. The housing serves as the basic frame of the GAU-8/A 
and provides a mount for many of the gun components (including the 
lubricator, ammunition transfer unit, solenoid assembly, firing cam, 
rotor, and other components). It also contains the elliptical cam path 
that drives the bolts back and forth. 


Barrels. The GAU-8/A has seven barrels. Each is 93.1 inches long 
and has 20-groove right-hand constant twist rifling (unlike the 20mm 


Vulcan, which uses a gain twist rifling pattern). 


Bolts. Seven bolts are used on the GAU-8/A. They are similar to 


: those used on the 20mm Vulcan, except they are much larger and use 
; a percussion (instead of an electrical) firing system. 


Transfer unit. The transfer unit is mounted to the right side of the 


Figure 25. The GAU- 
8/A cannon and 
ammunition. This 
seven-barreled 
Gatling gun fires sev- 
eral types of 30mm 
ammunition. The 
ammunition has an 
aluminum cartridge 
case, nylon rotating 
bands (to increase 
projectile velocity and 
decrease barrel wear), 
and (in the tank-bust- 
ing role) a depleted 
uranium penetrator 
warhead. 


housing. It feeds ammunition into the gun and accepts fired and 
unfired cases from it. 


Lubricator. The lubricator is mounted on the upper rear portion of 
the housing. It contains a reservoir of lubricant, and each time the gun 
fires a small quantity is injected onto the bolt tracks. 


Solenoid assembly. The solenoid assembly is also mounted on the 
housing and is used to withdraw the firing pin safety when the firing 
signal is sent to the gun. 


Mid-barrel support and clamp. The mid-barrel support and clamp 7 
provides the forward mounting point for the GAU-8/A. It also locks : 


the barrels in position within the rotor. 


Muzzle clamp. The muzzle clamp provides structural support for : 


the cannon and maintains concentricity of the barrel cluster. 


Ammunition Feed and Storage Subsystem 
The ammunition feed and storage subsystem is used to store and 
convey live and spent rounds (empty cartridges are not ejected out of 
the A-10). The nine major components of the subsystem are as follows: 


Ammunition storage drum. The ammunition storage drum is similar 
in concept to the drum used for the 20mm Vulcan. It consists of an inner 
and outer drum, two scoop-disk assemblies, two drum-cover assem- 
blies, and two spacer rings. The inner drum has a double-helix that 
forces the rounds forward or backward when the inner drum is rotated. 
Ammunition passes through the drum-cover assemblies for loading, 
unloading, firing, and returning fired cartridge cases to the drum. 


Entrance unit. The entrance unit is mounted on the rear drum-cover 
assembly. It receives fired cases from the conveyor elements (explained 
below) and passes them into the ammunition storage drum. 


Exit unit. The exit unit is similar in concept to the entrance unit. It 
mounts on the front of the ammunition storage drum and is used to 
feed live rounds into the conveyor elements. 


Ammunition chuting. The ammunition chuting provides a path for 
the conveyor elements that carry ammunition to and from the GAU- 


8/A gun. 


Conveyor turnaround unit. The conveyor turnaround unit feeds 
live rounds into the gun transfer unit (explained in the description of 
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the gun subsystem). The conveyor turnaround unit also accepts spent 
rounds from the gun transfer unit and places them in conveyor ele- 
ments for return to the ammunition storage drum. 


Ammunition conveyor elements. The ammunition conveyor 
elements are linked together to form an endless belt that travels to 
and from the gun through the ammunition chuting. Each element 
carries one round of ammunition going to the gun and one spent 
case or unfired round when returning to the ammunition storage 


drum. 


Drum drive unit. Mounted on the drum exit cover, the drum drive 


unit drives the ammunition storage drum. 


Equalizer. The equalizer is mounted on the ammunition chuting 


approximately midway between the ammunition storage drum and 


the GAU-8/A gun subsystem. It equalizes the tension between the 
feed and return ammunition conveyor elements. 


Loading access unit. The loading access unit is used to load 
ammunition into the storage drum. It is accessible through a panel on 
the left side of the A-10 Gust forward of the wing). 


Drive Subsystem 
The drive subsystem is a hydraulic drive assembly consisting of 
the following major components. 


Hydraulic drive motors. Two identical hydraulic drive motors pro- 
vide power for the GAU-8/A gun and the ammunition feed and stor- 
age system. 


Accessory drive gearbox. The accessory drive gearbox is driven by 
the hydraulic drive motors. It provides output torque for the gun and 
drum drive shafts. 


Gun drive shaft. The gun drive shaft provides power to the GAU- 
8/A gun subsystem. 


Drum drive shaft. The drum drive shaft provides power to the 
ammunition feed and storage subsystem. 


Electronic Control Subsystem 
The electronic control subsystem consists of the electronic control 


unit. This “black box” contains the circuitry that controls all GAU-8/A 
logic functions. 


System Operation 

When the A-10 pilot engages a target, the first step is to bring the 
: armament control system to a state of operational readiness. Once this 
: is done, the pilot must get the target in the Heads Up Display screen, 
: commonly referred to as the HUD. The HUD is a transparent screen 
: mounted directly in the pilot’s line of sight. A small pipper (or bright 
i spot) is projected onto the screen, and the pilot maneuvers the air- 
: plane (and consequently, the GAU-8/A gun) until the pipper is direct- 
: ly on the target. This allows the pilot to engage the target without hav- 


: ing to divert his vision. This capability is critically important in a close- : 


: air-support aircraft, which must fly at low altitudes. 


: When the pilot wants to fire the GAU-8/A gun, he presses the con- 
: trol-column-mounted trigger. The trigger sends a signal to the elec- : 
: tronic control assembly, which subsequently sends a signal to two : 
: solenoids mounted on the hydraulic drive assembly. When these : 
: solenoids open, aircraft hydraulic pressure is applied to the two 


: hydraulic drive motors, and the gun, ammunition storage drum, and 
: chuting begin to move. 

One-tenth of a second later, the electronic control assembly sends 
: another signal to the firing solenoid assembly, which is mounted on 
: the gun housing. This solenoid withdraws the safing sector from the 
: firing cam path in the gun housing, which allows ammunition to begin 
: the classic seven-step Gatling firing sequence. Each round fires as it 
: reaches the firing point. 

When the trigger is released, the electronic control assembly sends 
: a reverse signal to the hydraulic drive assembly. The hydraulic drive 
: motors reverse and rapidly decelerate the gun system. The gun system 
: cycles in a reverse direction until all rounds are cleared from the can- 
non. This is done to prevent a cook-off (the inadvertent firing of a 
? round due to absorption of residual gun heat), which could occur if a 
live round remained in one of the GAU-8/A’s chambers. 


The 30mm Family of Ammunition 

The success story behind the 30mm family of ammunition used in 
: the A-10 is as intriguing as the story behind the A-10 and the GAU- 
? 8/A. When the air force began the A-X program, the intent was to 
manufacture the 30mm ammunition in government arsenals. In the 
past, the government usually bought ammunition components from 
: several suppliers and then did the loading, assembly, and packing 
operations in a government load plant. In the early 1970s, the govern- 
: ment estimated that the cost of each 30mm round would be about sev- 
enty-five dollars. 

Aerojet Ordnance Company and Honeywell, Inc. (two munitions 
! manufacturers) convinced the government that it would be best to 
: allow private industry to manufacture the complete round. Under this 
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procurement concept, GAU-8/A ammunition production has been 
enormously successful. Private industry was able to deliver high-qual- 
ity ammunition at about six dollars per round instead of the seventy- 
five the government originally planned to spend. To date, more than 
80 million rounds have been procured. The 30mm family of ammuni-_ : 
tion consists of three different rounds, as explained below: 


Target practice. The target practice (TP) cartridge is used for training. 
Essentially a slug, the projectile has an aluminum nose and steel body. 


High-explosive incendiary. The high-explosive incendiary (HED 


cartridge fires an explosive warhead with a point-detonating fuze. The 
: projectile body is made of steel and contains .124 pounds of a high 
_ explosive and incendiary mix. 


Armor-piercing incendiary tracer. The armor-piercing incendiary : 
tracer (APIT) cartridge fires what is probably the most intriguing of : 
the 30mm projectiles. The APIT projectile has a depleted uranium : 
penetrator sheathed in an aluminum sabot. The depleted uranium ; 
penetrator has two functions. Because depleted uranium is a very 
dense metal, it defeats enemy armor through kinetic energy alone (the | 
combination of high velocity and mass allow it to break through ; 
armor). Depleted uranium is also pyrophoric, meaning it burns with | 
intense heat after it breaks up. These two characteristics make it | 
extremely effective against enemy tanks. The rear of the projectile | 
contains a pyrotechnic fumer, which reduces aerodynamic drag and 
allows it to maintain high velocities. 


The normal GAU-8/A combat mix of ammunition consists of one : 
HEI round for every five APIT rounds (TP ammunition is used solely | 
for target practice and is not usually mixed with HEI or APIT ammuni-_ : 
tion). All types of 30mm GAU-8/A ammunition use aluminum car- | 
tridge cases (to conserve weight) and either plastic or copper projec- | 
tile bands (to engage the rifling in the GAU-8/A gun barrels). The pro- | 
jectile bands permit higher muzzle velocity and reduced barrel wear. : 


The Bottom Line : 

All things considered, the GAU-8/A 30mm Gatling gun is one of : 
the most interesting and successful applications of ground-attack : 
aircraft ever developed. The GAU-8/A gun system is the most pow- : 
erful Gatling gun ever built. The extremely lethal 30mm family of | 
ammunition is an amazing procurement success story. The A-10, the; 
GAU-8/A, and the 30mm family of ammunition still make up an : 
important part of the U.S. national defense and will continue to for | 
quite some time. 


y| y, The Vulcan Air 
| Defense System 


be convoy ambled down the Vietnamese road, the dozen 

2-1/2-ton trucks feeling their way cautiously along the : 

muddy jungle trail. It was hot and humid—and danger- : 

ous. It was 1967 and the enemy was active. Two convoys : 

had been ambushed recently on the same road and in : 
the same area. Both had been escorted by M113 Armored Personnel 
Carriers with .50-caliber machine guns, but the APCs were the only : 
vehicles to survive the ambush. 

Today, however, the escort was unusual. The trucks were accompa- 
nied by two M163 Self-Propelled Vulcans, the army’s latest experimen- 
tal weapon. The new tracked vehicles looked strange, with their six- 

: barreled Gatling guns appearing to be throwbacks to distant wars 

i fought by the same army. 

Suddenly, the jungle erupted in small-arms fire as Vietcong in- 

: fantrymen sprayed the convoy with AK-47 fire. Two truck drivers were 

: killed instantly, but before their trucks stopped rolling, the Vulcan tur- 

: rets swung toward the enemy fire. Both Vulcans started firing at 1,000 

: RPM, enveloping the jungle with 20mm high-explosive warheads. 

: Vietcong screams could be heard intermittently as the Vulcans roared 
and then paused, the gunners surveying the results of each burst prior 
to firing again. The sound of crashing tree trunks added to the fury, as 
the tree line moved steadily away from the convoy. The enemy small- 
arms fire subsided, and two Vietcong survivors scurried back to report 
the new weapon. The lesson was a costly one for the Vietcong, but they 
learned well. It was the first and only time a Vulcan-escorted convoy 
would be ambushed in Vietnam. 


Near the end of World War IJ, the need for a new aircraft gun sys- 
' tem began to take shape. The artillery branch of the U.S. Army, which 
' was responsible for antiaircraft ground-based gun systems, recognized 
? the need for a gun system with greater capabilities for the same rea- 
‘ sons that eventually led to the development of the Vulcan cannon: the 
: advent of faster, less-vulnerable jet aircraft that could be defeated only 
' with higher rates of fire and explosive projectiles. 

The army’s approach to ground-based air defense took two forms 
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at the end of World War II. For low-flying aircraft, the approach was to ; 
provide saturation fire with the quad .50 machine gun mount. This 
weapon consisted of four .50-caliber Browning machine guns mount- 
ed on a turret. The quad .50 used a manual tracking system. For high- : 
er-flying targets, larger gun systems were used with explosive projec- | 
tiles. The warheads fired by these gun systems could be fired in either : 
a point-detonating mode (i.e., direct contact with the target) or an alti- 
tude mode. The altitude mode detonated the warhead at a preselect- : 
ed height, creating a “flak” field that—it was hoped—would defeat : 


: the target aircraft. 


Neither of these systems were expected to be very effective against : 


| the new jet threat. Flak-based antiaircraft fire was only marginally 
: effective during World War II, and the quad .50 machine gun was gen- : 
: erally recognized to be inadequate as an antiaircraft weapon. 


Gun-based air defense against anything other than low-altitude tar- : 


: gets largely disappeared with the advent of missiles. Missiles could be 


directed against high- and medium-altitude enemy aircraft by radar or : 
infrared guidance systems. The low-altitude threat remained, though, : 
and was considered particularly critical for forward ground combat : 
units. The army needed an air defense system that offered a quick : 
response time, required relatively low technology, and was highly | 
mobile. All of these requirements favored gun systems over missiles. 

The army’s first weapon system to respond to these requirements : 
was the M42 Duster. The Duster utilized off-the-shelf components to 
the maximum extent possible (which, as will be discussed later, would | 
be the case when the Vulcan Air Defense System was developed). The | 
M42’s twin 40mm gun system was taken from the navy, which had | 
used the mount with some success to defend ships against low-alti- 
tude aircraft during World War II. The chassis was a modified M41 : 
Walker Bulldog tank. 

The M42 Duster was first fielded in the 1950s, and incredibly, it is : 
still in use with some forces today (the Taiwanese army and the New |: 
Mexico Army National Guard). One of the secrets of the M42’s : 
longevity is its amazing effectiveness against lightly armored ground _ : 
targets. The U.S. Army used Dusters extensively in Vietnam in this | 
application, particularly for convoy escort duty and for moving tree : 
lines away from artillery base camps. The New Mexico National Guard: 
even used its Dusters once to assist in rounding up prisoners in the | 
New Mexico wilderness after a mass escape from a state prison. 

As the U.S. Army entered the 1960s, it was left with the M42 Duster : 
and the quad .50 machine gun mount as its primary defense against _: 
low-altitude aircraft. Both systems had serious disadvantages against _: 
the modern air threat. Neither had a radar-directed fire-control sys-_: 
tem, which was thought to be essential against high-speed, low-alti- 
tude targets. Neither could deliver saturation fire (and in effect, form a 


: shot pattern in much the same manner as a shotgun does against a 
: bird). The M42 used a gasoline engine at a time when the army want- 
: ed all of its tactical vehicles to be diesel powered, and it suffered the 
: added disadvantage of being heavy. It was not helicopter-trans- 
: portable, and during this era, the army was basing much of its new 
: high-mobility doctrine on the use of the helicopter. Finally, the M42 
: could not be air-dropped, which meant neither of the army’s two air- 
: borne divisions could use it. 

For these reasons, in the early 1960s the army made a decision to 
: pursue a new gun-based low-altitude air defense system. After studying 


: well as gun systems based on the 20mm M61 Vulcan cannon. 


General Electric’s Armament Division in Burlington, Vermont, was 


: awarded a contract to develop two working prototype air defense sys- 
: tems based on the above requirements. In 1964 and 1965, the two sys- 
: tems it developed were tested successfully against aerial targets at Fort 
: Bliss, Texas, home of the U.S. Army’s Air Defense Center and School. 
: Testing continued, and in 1968 the Vulcan Air Defense System (VADS) 
: became a standard army weapon system. 

At one point, and as part of the test program, a small team of Self- 
: Propelled Vulcans went to Vietnam for a six-month combat evalua- 
: tion. The Vulcans were never used against enemy aircraft, as the 
: United States generally enjoyed air superiority over South Vietnam 
: and there were no enemy aircraft to shoot at. The Vulcans were used 
' ina ground-to-ground role, however, and they were extremely suc- 
: cessful. The Vulcans were ambushed just one time during a convoy 
: escort mission, with disastrous consequences for the enemy. During 
: the remainder of their tour in Vietnam, the Vulcans were never fired 
upon (thus fulfilling Dr. Gatling’s 1865 vision of a weapon system so 
awesome no enemy would dare engage it). 


M163 Self-Propelled Vulcan 

One of the requirements for the development of the Vulcan Air 
? Defense System was that it utilize off-the-shelf components to the 
: maximum extent possible. The M163 Self-Propelled Vulcan satisfied 
this requirement. The M163 was a marriage of two major systems: the 
existing M113 Armored Personnel Carrier and the Vulcan Air Defense 
System turret. The M163 Self-Propelled Vulcan is shown in Figure 26. 

The M113 Armored Personnel Carrier, built by FMC in San Jose, 
: California, had become the army’s standard tracked utility vehicle by 
: the time the Vulcan Air Defense System was under development. 


i The Vulcan Air 
: the problem, it decided two systems were needed. One should be a very : 


lightweight version capable of helicopter transport or parachute deliv- 
: ery. The other was to be mounted on the army’s standard lightweight : 
: tracked vehicle (the M113 armored personnel carrier). The army speci- 
: fied that both systems must have radar-directed fire-control systems, as 
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: were a hole in 
: the top of the hull 
ito accept the 
: Vulcan turret and 
: suitable interior 
: fixturing. Another 
‘ modification was 


Surprisingly few 
modifications 
were required for 
General Electric 
to mount the 
Vulcan Air De- 
fense System tur- 
ret. Among the 
obvious changes 


a suspension 
lockout system, 
which prevented 
the vehicle from 
rocking due to 
the gun’s recoil. 
When the Vulcan 
was emplaced in 
a stationary posi- 
tion, the suspen- 
sion lockout sys- 
tem maximized 
accuracy by pro- 
viding a stable fir- 
ing platform. The 
Vulcan could also be fired without locking the vehicle’s suspension, 
however, which allowed the system to fire on the move. 

The only other significant modification to the standard M113 was 
the addition of polystyrene flotation pods to the sides of the vehicle. 
The M113 is amphibious, but the waterline is fairly close to the top of 
the vehicle. With the added weight of the Vulcan Air Defense System 
turret, the flotation pods were necessary to add buoyancy and keep 
water from spilling into the crew hatches (they add only about 3 inch- 
es to the sides of the vehicle). With the incorporation of these 
changes, the M113 was designated the M741 gun carriage. 

The Vulcan Air Defense System turret consists of four major sub- 
systems: 

¢ the M61A1 Vulcan 20mm cannon 

e the turret and its controls 


Figure 26. The M163 
Self-Propelled Vulcan. 
This system uses the 
20mm M61 Gatling 
gun on a modified 
armored personnel 
carrier chassis in an 
air defense role. The 
system is also highly 
effective against 
ground targets. 


Figure 27. The Vulcan 
Air Defense System 
Siring at night. The 
tracer pattern illus- 
trates the concept of a 
shot pattern. Due to 
the high number of 
projectiles and the 
short period of time in 
which they are fired, 
the Vulcan can be 
more accurately 
thought of as a shot- 
gun rather than a 
machine gun. Note 
that only every sixth 
round is a tracer. 


e the ammunition feed and stowage system 
e the fire-control system 


The Vulcan cannon subsystem is quite similar to the one described 
in Chapter 8, with the major differences being the dispersion pattern 
and the rate of fire. Vulcans used in other applications use one muzzle 
clamp (the device that holds the six barrels together near the muzzle 
end). In the air defense application, two clamps are carried with each 
system, and they are interchangeable for different shot patterns. One 
provides a 6x18-mil elliptical shot pattern (used to cover a broad area), 


than five minutes. 


In the air defense application, the rate of fire has been slowed from : 
the normal 6,000 RPM used by aircraft-mounted Vulcans. The Vulcan Air 


Defense System gunner can select either 1,000 or 3,000 shots per minute. 


: The Vulcan Air 
and the other provides a 6-mil circular dispersion pattern (used to pro- : 


vide concentrated firepower). Figure 27 shows a Vulcan firing tracer 
ammunition at night, providing a good visual presentation of the shot : 
patterns discussed above. The muzzle clamps can be switched in less : 
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The system will fire continuously at the 1,000 RPM rate. At the 3,000 RPM 
rate, it will fire a preselected burst of 10, 30, 60, or 100 rounds. 

The second major subsystem is the turret and its controls. The tur- 
ret is electrically driven by three solid-state servo-amplifiers, each of 
which is coupled to a direct-current motor. Two of these are used for 
turret azimuth drive, and one is used for elevation. All three are inter- 
changeable, and the turret will drive in azimuth if only one of its two 
drive motors is working (although the azimuth slew rate will be slow- 
er). The turret can normally slew in azimuth at rates up to 60 degrees 


: per second and in elevation at rates up to 45 degrees per second, and 
: it can accelerate to these rates quickly. This high response rate offers 
: the gunner and the Vulcan fire-control system the ability to track close 
: and rapidly maneuvering targets. 


The third major subsystem is the ammunition feed and stowage 


system, which is very similar to those used for aircraft applications, as 
* explained in Chapter 9. The system consists of a 1,100-round storage 


drum and a linkless feed system. The linkless feed system is basically 
a conveyor, taking ammunition from the storage drum and delivering 
it to the gun. Once the ammunition has been cycled through the gun, 
empty cases or unfired rounds are tossed overboard. The linkless sys- 
tem eliminates the problems associated with defective or stretched 
links and provides for more reliable feeding. The storage drum has an 
internal double helix, and its principle of operation is very similar to 
the Accles feed described in Chapter 3. In addition to the 1,100 rounds 
of ready-to-fire ammunition, the Self-Propelled Vulcan can carry 
another 5,000 rounds in storage containers located beneath the bench 
seats in the rear of the vehicle. These additional rounds are linked 
(20mm ammunition is normally delivered to the military in this man- 
ner), and the ammunition must be fed through a delinking feeder to 
load it into the 1,100-round storage drum. Loading the drum takes 
about six minutes. 

The fourth major subsystem, the fire-control system, consists of a 
set of sights, a sight current generator, and a range-only radar. Three 
sighting devices are available for use with the Vulcan. Two of these 
are intended for use against ground targets only, and the third can be 
used against both ground targets and aircraft. The two ground sights 
include a starlight night vision device and a daylight telescope. These 
are normally carried in a container inside the vehicle (they are 
installed when ground use is anticipated). 

The third sighting device is the gyroscopic lead-computing gun- 
sight, and in the air defense role it normally works in conjunction with 
the sight current generator and the range-only radar. This gunsight 
has a reticle located in a window. When any member of the crew sees 
an enemy aircraft, the gunner traverses and elevates the gun system 
until he sees the target in the reticle. Once this is done, he steps on a 


: foot pedal that energizes the radar. While the gunner continues to 
: move the turret (keeping the target aircraft in the reticle), the radar 
computes the range and velocity of the target. The system automati- 
cally compensates for air density through altitude and temperature 
inputs made by the crew. The radar then sends this information to the 
sight current generator, which computes the proper lead angle and 
elevation for the gun system. This signal is then sent to the gunsight. 
When this occurs, the gunner sees the reticle suddenly move to a new 
location in the gunsight window. When the gunner moves the turret 
to center the target in the displaced reticle, the Vulcan cannon will fire 
with the proper lead and elevation. 


Aerial targets can also be engaged without using the radar. In the } 
: manual mode of operation, the gunner can estimate the range and : 
: velocity of the aircraft, make these inputs to the control panel, and the } 
: reticle will move as if directed by the radar. The accuracy of the sys- : 
tem in the manual mode is dependent upon the accuracy of the gun- 


ner’s estimates for range and velocity. Actual firings against airborne 
drones, however, have shown that gunners can provide accurate esti- 
mates consistently and defeat the target. 

The lead-computing gun sight can also be used against ground tar- 
gets simply by locking the reticle and centering the target in it. In prac- 
tice, this is the mode in which most ground targets are engaged. 


M167 Towed Vulcan 

The M167 Towed Vulcan (shown in Figure 28) was designed for 
deployment with airborne and airmobile units. Airborne units use 
: parachutes to drop into combat, and at only 3,000 pounds, the Towed 
: Vulcan is capable of parachute delivery. Airmobile units use heli- 
: copters instead of parachutes, and the Towed Vulcan is light enough 
to be carried beneath the UH-1 series of Huey helicopters and other 
army utility helicopters. 
: There are three major differences between the M167 and M163 
Vulcans. These are the carriage, the ammunition feed and stowage 
system, and the power system. These aside, the two Vulcans are basi- 
cally identical. 

The carriage is the most obvious difference between the two sys- 
? tems. Instead of using a modified M113 armored personnel carrier, the 
! Towed Vulcan is mounted on a lightweight, two-wheeled gun car- 
' riage. The primary tow vehicle is the M561 Gama Goat (a 1 1/4-ton 
articulated utility vehicle), but the 2 1/2-ton M35 “Deuce-and-a-half” is 
also used. The M167 Vulcan can be towed at speeds up to 45 MPH and 
can ford streams up to 30 inches deep. 

The second major difference between the two versions of the 
Vulcan Air Defense System is the ammunition feed and storage sys- 
tem. The Self-Propelled version uses a linkless feed and storage drum, 
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as described above. To save weight, the Towed version uses linked 
ammunition suspended from rails in a 500-round storage container. 
The storage container is mounted on the left side of the turret, out of 
the gunner’s line of sight. Additional ammunition is carried in the tow 
vehicle. The basic load for the Towed Vulcan is 4,000 rounds, but 
more can be carried in the towing vehicle. 

The third difference is the power system. Both the Towed and 
Self-Propelled versions use 24-volt nickel-cadmium batteries. The 
Self-Propelled version uses three batteries. One provides power for 


: turret fire control and drive, while the other two are connected to 
: provide power for the ammunition feed system and the cannon. 
: The Towed Vulcan, with its linked feed system, does not need the 
: third battery to power the chuting and storage drum helix associat- 
' ed with the Self-Propelled version’s linkless feed system. The 
' method used to charge the batteries is also different. The Self- 
‘ Propelled version uses the vehicle’s charging circuit, while the 


Towed Vulcan relies on a separate gasoline-powered generator for 
this purpose. This generator is mounted on the front of the trailer 


Figure 28. The M167 
Towed Vulcan. This 
system is similar to the 
M163 Vulcan, except 
that it is a lightweight, 
Towed version 
designed for deploy- 
ment with airborne 
and airmobile units. 


and is used only when the Towed version’s batteries require charg- 
ing. Normally, both the Towed and Self-Propelled versions can 
remain in the standby mode for long periods of time, quietly ready 
Lorine: 


Ammunition 
The Vulcan Air Defense System uses seven different types of 
20mm ammunition, as described below. All are electrically primed, 
with the exception of the dummy round, which does not fire and 
uses no primer. 


M51 dummy ammunition. The dummy round is used primarily for : 
training. Dummy ammunition can be loaded into and cycled through : 
both the Towed and Self-Propelled versions of the Vulcan Air Defense | 


System. 


M55A2 target practice ammunition. TP ammunition is also used — 


primarily for training. Target practice ammunition launches an inert 
projectile at a muzzle velocity of approximately 3,300 fps. 


M220 target practice tracer ammunition. TP-T ammunition is simi- 
lar to TP ammunition, except that it contains a tracer element. 


M56A3 high-explosive incendiary ammunition. HEI ammunition 
contains both a high-explosive charge and an incendiary element for 
starting fires. The projectile contains a point-detonating fuze to deto- 
nate the warhead. 


M246 high-explosive incendiary tracer/self-destruct ammunition. 
HEIT-SD ammunition is similar to HEI, except that it contains both a 
tracer element and a self-destruct feature. This ammunition was devel- 
oped specifically for the air-defense application. The tracer element 
allows the gunner to compensate for aiming errors, and the self- 
destruct feature prevents live high-explosive projectiles from landing 
on friendly troops. 


M52 armor-piercing incendiary ammunition. API ammunition is 
designed to overcome lightly armored vehicles. Each round contains a 
tungsten penetrator, which is a very dense metal and defeats the target 
through its high kinetic energy (i.e., a dense mass moving at high 
velocity, which breaks through armor). Each round also contains an 
incendiary element to start fires. 


M52 armor-piercing incendiary tracer ammunition. API-T ammu- 
nition is similar to API, except that it contains a tracer element. 
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Organization 

The M163 Self-Propelled Vulcan is normally deployed in a com- 
posite Chaparral/Vulcan battalion (Chaparral is a self-propelled air- 
defense system that uses a modified version of the Sidewinder mis- 
sile). This type of battalion is usually deployed with armor and 
infantry divisions (except for airborne or airmobile divisions) and con- 
sists of a headquarters battery, two Chaparral batteries, and two 
Vulcan batteries. Each Vulcan battery contains twelve Self-Propelled 
Vulcans, organized into three platoons, each having four Vulcans. The 


: 82nd Airborne and 101st Airmobile Divisions have similar air defense 
: battalions, except that in these divisions, Towed Vulcans replace both 
: the Chaparrals and the Self-Propelled and 220 Towed Vulcans. 


Future of the Vulcan Air Defense System 
: The Vulcan Air Defense System will be with the U.S. Army (as well 
‘ as other military forces) for a long time. There are several reasons for 
this, but the one requiring immediate comment is the advent and 
demise of the Sergeant York DIVAD Gun System, shown in Figure 29. 


Figure 29. The 
Sergeant York DIVAD 
System. This ill-fated 
system, intended to 
replace the M163 
Vulcan Air Defense 
System, was ultimately 
dropped due to its 
inability to meet per- 
formance require- 
ments. DIVAD relied 
on twin 40mm Bofors 
cannons instead of a 
Gatling gun. 


DIVAD (an acronym for Divisional Air Defense) was designed to 
: be a replacement for the M163 Self-Propelled Vulcan. The system used 
: twin 40mm Bofors cannons instead of Vulcan’s 20mm General Electric 
: Gatling-based gun system. The DIVAD gun carriage was based on the 
: M48 tank chassis instead of the M113 armored personnel carrier. The 
: 40mm round offered obvious range and lethality advantages. DIVAD 
: also had other features that should have made it a better weapon than 
: the Self-Propelled Vulcan. These included an acquisition radar, a fea- 
: ture to identify whether aircraft are friendly or hostile, state-of-the-art 
§ electronics, and other classified features. 


: tary and Congress. 

DIVAD was never a candidate for replacing the Towed Vulcan. 
: Even if it could have overcome the problems described above, the 
: 82nd Airborne and the 101st Airmobile Divisions still would have 
: required Towed Vulcans. The army ultimately cancelled the DIVAD 
: program. 

The U.S. Army experimented with improved versions of the basic 
: Vulcan Air Defense System, the most noteworthy of these projects 
: being the PIVADS program. Although the acronym is strikingly similar 
: to DIVAD, in this case it stood for Product Improved Vulcan Air 
: Defense System. Lockheed Electronics was the prime contractor (this 
: organization ultimately went out of business, however). Lockheed’s 
improvement efforts focused on three areas: improved response 
: (attained through the use of faster computers and better servo- 
: motors), improved target acquisition (made possible by an improved 
sight that allowed the gunner to control the reticle), and improved tar- 
get tracking (achieved by allowing a computer, instead of the gunner, 
? to move the turret). The army tested PIVADS at Fort Bliss, Texas, with 
satisfying results. 

General Electric has done a great deal of work to find new appli- 
: cations for the Vulcan Air Defense System, and it has successfully mar- 
: keted the turret in other mounts. One of these is the GE/Cadillac-Gage 
? Commando Air Defense System, which has been sold to Saudi Arabia. 
: This system consists of the M167 Towed Vulcan turret mounted on the 
: Cadillac-Gage V-150 wheeled armored vehicle. This system may also 
: be sold to other nations. 

The Blazer was another General Electric Gatling-based system 
: used as a development test bed. General Electric initiated work on this 
: Gatling-based air defense system in 1985. The Blazer mounted a 


The Vulcan Air 
During development, however, the DIVAD demonstrated serious : 


deficiencies. As troops in the field know only too well, increased com- : 
plexity generally translates into decreased reliability, and it proved : 
true in this case. The DIVAD development program also had severe : 
i cost overruns, and the army claimed it did not meet all of its perfor- 
: mance requirements. This attracted criticism from both the U.S. mili- 
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25mm five-barreled GAU-12/U gun and four Stinger air defense mis- 
siles on the army’s new Bradley Fighting Vehicle (which is replacing 
the M113 armored personnel carrier). Blazer offered several advan- 
tages, including improved lethality from the 25mm gun, built-in test 
and diagnostic equipment, an IFF capability (FF stands for identifica- 
tion friend or foe), a search and acquisition radar, and multiple target 
engagement capability. Blazer also had a fully stabilized firing plat- 
form, which allowed its 25mm Gatling gun to accurately engage tar- 
gets while the system was on the move. 

As a direct result of the Blazer program’s success, the U.S. Marine 


: Corps contracted with General Electric in 1987 for the full-scale engi- 


neering development of two Light Armored Vehicle-Air Defense (LAV- 


rockets. The LAV-AD sensor suite includes forward-looking infrared 
radar, a television, and an eye-safe laser rangefinder. 

Other 20mm Gatling- 
based weapon systems in 
the U.S. military have been 
the subject of experimental 
“upgun” programs, and 
although the army has no 
current plans, it is not 
inconceivable that at some 
point in the future there 
will be an upgunned Vul- 
can Air Defense System. 
An upgun program, which 
would be indicated in the 
event that the weapon sys- 
tem’s primary target be- 
comes more difficult to 
defeat, would consist of 
feasibility studies and tests 
to assess replacing the 
20mm gun with a 25mm or 
30mm version. 

Even if the army decid- 
ed to retire all of its Vulcan 
Air Defense Systems from 
frontline active duty (which 
is extremely unlikely), the 
New Mexico National Guard 


Figure 30. The 
General Electric Light 
Armored Vehicle Air 
Defense System. This 
system is based on the 
GE GAU-12/U 25mm 
Gatling gun. The sys- 
tem also has General 
Dynamics Stinger 
Missiles and a variety 
of target acquisition 
and tracking features. 
It is mounted on the 


Marine Corps’ 
Piranha vebicle. 


would probably replace its aging but well-maintained M42 Dusters with 
Vulcans. Based on this, as well as the factors discussed above, it is clear 
that the Vulcan Air Defense System and its derivatives will be strong con- 
tributors to our national defense for many years to come. 


: The Vulcan Air 
Defense 
System 


107 


7 5 The Phalanx 


Close-In Weapon 
system 


he sailor was nervous. Duty in the Persian Gulf had : 
always been tense, but the events of the last few hours had | 
made the tension all but unbearable. The USS New : 
Jersey, the ship underneath the sailor, was facing the ' 
gravest danger she had ever seen in ber fifty years of ser- : 
vice. The ship’s bridge was air-conditioned against the 100-degree-plus 109 

: temperatures outside, but the sailor was perspiring. He noticed that his : 

: shipmates were, too. The naval intelligence briefing had warned of the 

: Iraqi sea-skimming missiles (that copied an American design stolen 

: from the U.S. producer). Air cover was practically useless against such a 

: threat, as the missiles flew at nearly supersonic speeds only a few feet 
above the waves, rendering aircraft radars useless. Only one weapon 

: could defend the New Jersey now: the Phalanx guns at each of the ship’s 

i four corners. 

The sailor was a radar technician, and he knew that the Phalanx 
radar could pick up any sea-skimmers. What he didn’t know was how 
the white-domed Phalanx system gun could possibly react in time to 
destroy a missile only a few hundred feet away from the ship. Although 

: he had been a Phalanx technician for more than a year, he had never 

: seen the mighty gun fired. 

The sailor knew that the Phalanx was a fully automated system. 
Once armed and made operational, it searched for and fired at any 

: low-flying incoming targets without operator input. The knowledge 

: should have been comforting, but it only made the sailor cringe when 
he heard the system’s servomotors energize and the giant white dome 
began to slew. He knew that meant it had picked up a target. He also 
know that either he and his shipmates or the target would be destroyed 
in the next few seconds. 

In less than a second, the 20mm cannon erupted in a violent roar. 

' Even though the sailor had anticipated the Vulcan bark, it startled him. 

' It was just a short burst, not more than 100 rounds, but that was all it 

' took. He felt the shock wave from the violent and brilliant explosion, 
not more than 500 feet away, as the sea-skimming missile’s warhead 
detonated from the impact of the 20mm tungsten projectiles. Another 
bark from the New Jersey’s aft starboard Phalanx followed a second 
later, and the sailor saw a similar explosion at the ship’s aft end. Before 
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: threats grew to include guns and torpedoes. In World War II, the threat | 
: posed by aircraft became significant. Single-barreled antiaircraft gun : 
* systems from .50-caliber up to 40mm were employed to counter this : 
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he could adjust his senses to recognize that the aft Phalanx had just 
defeated a second sea-skimming missile, the same thing occurred 
directly in from of him again, as the closest Phalanx defeated yet a : 
third missile. The sailor couldn’t even see the missiles, but in a heart- 
beat two Phalanx systems had done their jobs, defeating three lethal : 
antiship missiles and saving the New Jersey. As men are known to do : 
after escaping a danger so severe and rapid that they can scarcely 
comprehend its significance, the sailor laughed. He heard his crew- : 
mates in the New Jersey's bridge do the same. i 


For many thousands of years, the only significant threat to a war- ; 


threat. In the years since World War II, the airborne threat to surface : 
vessels continued to move in the direction of sea-skimming superson- : 
ic aircraft, helicopters, and antiship missiles. 

There is little argument today about what poses the deadliest threat: 
to ships, and that is the antiship missile, particularly during its final low- : 
level flight phase when it is the most difficult to detect and defeat. This | 
is due to a combination of size (an incoming antiship missile presents a 
very small frontal profile), speed (many antiship missiles are superson- 
ic), and lethality (antiship missiles carry enormously powerful shaped- 
charge warheads capable of defeating very thick armor). 

The extent of the threat posed by antiship missiles probably was : 
not appreciated fully until the 1967 Arab-Israeli War. In the war, an | 
Egyptian Komar-class gunboat sank the Israeli destroyer Eliath witha : 
single Styx missile. The navies of the world were again reminded of : 
the threat when the Argentines sank the HMS Sheffield with one hit : 
from an Exocet missile during the Falklands conflict. Today, the : 
known threat includes no fewer than twenty-one different types of | 
antiship missiles (and there are almost certainly covert antiship | 
weapons of even greater capability). 


Phalanx Development and Deployment 
In the late 1960s, the U.S. Navy fully understood that its ships were 

inadequately equipped to counter the threat of antiship missiles, par- 
ticularly those capable of penetrating the outer defense umbrella pro-_: 
vided by the target ship’s defensive missiles. In 1969, the Naval Sea | 
Systems Command awarded a contract to the Pomona Division of | 
General Dynamics to study this challenge. The objective of the study | 
was to determine if a radar-directed, high-rate-of-fire gun system | 
could provide an effective defense against close-in antiship missiles. 


The General Dynamics study showed that the navy concept would 
work if the new close-in weapons system used a closed-loop spotting 
concept. The idea behind this system was that it would use the radar 
: to locate not only the target, but also its own fired projectiles with 
: respect to the target. In this manner, the gun system could correct for 
the miss distance and adjust the gun’s aim to bring the projectiles onto 
: the target. 

The navy was pleased and funded General Dynamics to continue 
this work. General Dynamics continued to refine the closed-loop aim- 


: ing technology. They fabricated a test unit and initiated testing in 1970. ; 
: Ground tests were extremely successful. The next step was the | 
: Tactical Missile Test Program, which consisted of attacking a Phalanx- 
: equipped, decommissioned ship (the USS Cunningham) with glide : 
: bombs and drones. The low-flying bombs and drones attacked using : 
: a variety of flight profiles in an attempt to penetrate the Phalanx : 
: defense (including extremely low-level, subsonic, supersonic, and 
: stream attack). None of the attack profiles were successful. The - 


: Phalanx, named after an ancient Greek military formation of foot sol- 
: diers standing close together with overlapping shields and spears to 
: create an impenetrable defense, was proving to be true to its name. 
The test program continued, and in 1976 the Phalanx was installed 
: on the USS Bigelow (an active-duty destroyer) for operational evalua- 
: tion testing. The Phalanx performed superbly in all areas. All targets 
: that flew against the Bigelow were destroyed with multiple hits. The 
: Phalanx was shown to be an extremely reliable system (its reliability 
: was four times better than the requirement), and its maintainability 
: was also deemed superior (repair times were well below those speci- 
: fied by the navy). 

As a result of the Phalanx’ superior performance, the navy 
approved it for production in 1978 and deliveries began the next year. 
In 1980, the Phalanx system was installed on the USS America, the 
USS Enterprise, the USS Coral Sea, the USS Biddle, and the USS 
: England. Aircraft carriers were the first to receive the system, primari- 
ly because of their value and their vulnerability (an aircraft carrier is a 
: huge target). In 1981, seven additional U.S. Navy ships were armed 
? with Phalanx systems. 

Ultimately, thirty-five classes of U.S. ships, from frigates to aircraft 
: carriers, will be equipped with a total of 260 Phalanx systems. In addi- 
: tion to those already installed on ships, nine Phalanx systems are 
: installed at three U.S. Navy training centers. Phalanx is also highly 
favored by U.S. allies, including Great Britain, Australia, Japan, Saudi 
: Arabia, and Pakistan. Great Britain was particularly anxious to procure 
: the Phalanx after an Exocet missile sank the Sheffield in the Falklands. 
: Not long after that unfortunate event, Britain installed Phalanx on two 
: aircraft carriers, the HMS Invincible and the HMS Illustrious. 
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The Phalanx System 
The Phalanx Close-In Weapon System consists of seven major sub- 


systems: 
e the fire control radar/servo assembly Figure 31. The 
e the electronic enclosure 2 phalinn cen 
e the local control console : Weapon System. This 
e the remote control panel : system uses a 20mm 
e the barbette assembly i M61 Gatling gun and 
reece i e the mount and drive assembly is mounted on ships to 
uit sat ; © the 20mm gun assembly protect them against 
Century : antiship missiles. 
Machine Gun Each of these is ex- 
Century | Plained below. 
Vulcan 
: Fire Control Radar/ 
(ae Servo Assembly. The fire 


control radar/servo as- 
sembly includes both a 
search and a track radar. 
This subsystem both 
searches for and locks 
onto targets and deter- 
mines range, azimuth, 
and velocity for both 
the target and the pro- 
jectiles fired by the 
Phalanx 20mm cannon. 


Electronic  Enclo- 
sure. The electronic en- 
closure is mounted in 
the mount and train 
drive assembly. It in- 
cludes most of the elec- 
tronic circuit cards that 
govern operation of the 
Phalanx system. 


Local Control Con- 
sole. The local control 
console is mounted 
near, but not on, the 
Phalanx system. It in- 
cludes a system test set, 
a power supply unit, 


and other electronics. The system allows the operator to control the 
: Phalanx manually (e., it allows the operator to control the system in 
: other than the fully automatic mode). 


Remote Control Panel. The remote control panel allows system 
operation from remote locations. Using the remote control panel, the 
i Operator can control the system in the manual mode to engage sur- 
: face targets. 


Barbette Assembly. The barbette assembly mounts in the base of : 
: the Phalanx system. It contains other subassemblies that support : 
: Phalanx operation, including the hydraulic power supply, the radar | 
: transmitter and its power supply, a heat exchanger, transformers, and 


an environmental control unit. 


: Mount and Train Drive Assembly. The mount and train drive : 
: assembly provides the mount for the 20mm cannon and the white- 


: domed fire control radar/servo assembly. It is the system’s turret, 
? allowing for radar and gun system elevation, depression, and traverse. 


20mm Gun Assembly. The 20mm gun assembly is the heart of the 
: Phalanx system. It uses the standard six-barreled 20mm Vulcan can- 
: non, which is electrically controlled and hydraulically driven in the 
Phalanx application. Phalanx uses a helical storage drum and ammu- 
nition feed system that allows for a firing rate of 3,000 RPM. After fir- 
: ing, each empty cartridge case is returned to the rear of the storage 
: drum (taking the place of fired rounds). This keeps the ship’s deck 
: clear of fired cases. 


Follow-On Gatling-Based Close-In Weapon Systems 

Based on the success of the Phalanx system, several variants have 
? been or are being developed. One such system is the Goalkeeper, 
which is a joint General Electric/Hollandse Signaalapparaten BV (a 
' Dutch company) system based on the 30mm GAU-8/A cannon (details 
~ on the GAU-8/A are included in Chapter 11). Both Britain and the 
! Netherlands have an interest in the Goalkeeper system. The 
: Netherlands has already armed several of its ships with Goalkeepers. 
Although no details are available, the Russians even have a 
: Gatling-based ship defense system. It’s called the ADG6-30. Beyond 
that, little else is known. 

: After the Falklands crisis, in which an Exocet missile sank the British 
Sheffield, the United States took a great interest in upgunning its 
: Phalanx systems. Studies were performed to evaluate the feasibility of 
: converting to a 25mm Gatling and incorporating a 20mm depleted ura- 
' nium penetrator round. These efforts and studies continue to this day. 


The Phalanx 
Close-In 
Weapon 
System 
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he F-4 pilot felt like a kid playing cowboys and Indians— : 
like he was wearing two Colt .45s in tooled leather hol- : 
sters. The analogy was not so farfetched. The two exter- : 
nally mounted 30mm Gatling gun pods (one under each : 
wing) were considerably more firepower than he was ' 
used to carrying. The mission required it, though. He was on patrol in 115 
: the Saudi desert, flying low against the sand, prepared to engage any : 
: armored columns that dared stray in from occupied Kuwait. 

“Lima Bean 6, this is Lima Bean 1,” the pilot heard on his radio. 

: “We have a report of a column of T-62s approximately 20 miles east of 
: your location. Ground forces are engaging; they are requesting close 
: air support.” 

“On the way,” the pilot keyed in, as he pushed the two throttles to 
afterburner. In seconds, the big F-4 was just below the sound barrier, and 
in minutes, he saw the combatants on the desert floor below. None of the 
tanks had been stopped; all were moving west, headed into Saudi Arabia. 

The pilot hit the master arm switch, and after noting that no ZSU- 

: 23/4 antiaircraft vehicles accompanied the column (“either out of 

: arrogance or stupidity,” he thought), be climbed to 2,500 feet and 
began his strafing run. At 700 feet above ground level and at a slant 

: range of about 2,000 feet, be fired a 30-round burst from each pod. He 

: felt the aircraft sway right and then left as the recoil from the big 30mm 

: cannons gently rocked it. He pulled up and over for an inverted look at 
the column. 

The pilot smiled. All of the vehicles had stopped, and five of the seven 
were burning. “One more satisfied customer,” he thought. He consid- 
ered making another pass to light up the remaining two vehicles, but 
he knew that the ground forces could finish them off, and he needed to 
conserve both ammunition and fuel. He knew there would be other 
columns to engage before the patrol was over. 


In addition to the numerous aircraft-, ship-, and vehicle-mount- 
' ed Gatling guns discussed thus far, General Electric has also devel- 
| oped several pod-mounted Gatling guns. These gun pods allow vir- 
: tually any aircraft that can carry external stores the capability to fly 
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with a Gatling gun. The General Electric gun pod systems are avail- 
able in three calibers: 7.62mm, 20mm, and 30mm. The McDonnell 
Douglas AV-8B Harrier also utilizes a unique pod-mounted 
approach for its 25mm GAU-12/U cannon, which will be explained 
below. 


20mm Gatling Gun Pods 
General Electric builds two variants of the 20mm gun pod. The 
first is the SUU-16/A Vulcan Gun Pod, which utilizes a ram air-pow- 


: ered version of the M-61 20mm Vulcan cannon. (A brief explanation 
: of the terminology used to describe aircraft external stores is perhaps 
: in order: “SUU” is an abbreviation for suspension unit, which simply 
: means that 
: the device is 
: suspended 
‘ externally 


from an air- 
craft. The 
numerical 
designation, 
in this case 
16, simply 
denotes the 
model. The 
“/A” config- 
uration de- 
notes that 
the system 
stays with 
the aircraft and is not released in use. Bombs that are released from 
the aircraft are designated with “/B,” e.g., the SUU-65/B tactical muni- 
tions dispenser.) 

The second 20mm pod-mounted Gatling gun is the SUU-23/A 
Vulcan Gun Pod (see Figures 32 and 33). This is a particularly interest- 
ing variant of the basic 20mm Vulcan, in that gases generated by the 
20mm ammunition are used to drive the gun (this version of the M-61 
is designated the GAU-4). 

The SUU-23/A’s six-barreled GAU-4/A cannon initially relies on 
a small electric motor to start the barrel cluster (the motor can 
accelerate the gun system to a firing rate in excess of 5,000 RPM in 
about two-tenths of a second). After that, propellant gases from the 
firing 20mm ammunition are bled from the barrels and fed into a 
piston and cam mechanism that drives the gun, accelerating it to 
6,000 RPM. 


The SUU-23/A is most commonly used on the F-4D Phantom, 


Figure 32. The U.S. 
Air Force SUU-23/A 
20mm Vulcan Gun 


Pod, which is also 
used by the U.S. Army 
(as the M-25) in cer- 
tain helicopter and 
fixed-wing applica- 
tions. The system has 
a six-barreled gun- 
gas-driven 20mm 
Vulcan. General 
Electric also offers a 
ram-dair-driven ver- 
sion denoted as the 
SUU-16/A (in U.S. Air 
Force applications) 
and the M-12 (in U.S. 
Army applications), 


» > | Pod-Mounted 
Gatling Guns 


Figure 33.420mm _: although it can be used on other tactical aircraft (recall from 
Vulcan gun pod firing ; Chapter 9 that the F-4E carries an internally mounted 20mm M-61 


Jrom the experimental . ; 
Northrop F-20 Gatling gun). The SUU-23/A dispenser can carry 1,200 rounds of 


Tigershark. ThOR2O | 20mm ammunition, and it weighs about 1,700 pounds fully loaded. 
was a Northrop-fund- | The system mounts on standard U.S. 30-inch aircraft external store 
ed fighter development : lugs, which are compatible with the U.S. Century Series and other 
program that failedto : fighters. 
achieve commercial : 
SUCCESS. Mini-Gun Pods 
General Electric also has pod-mounted versions of its 7.62mm 
Gatling (the mini-gun). The 7.62mm pod-mounted Gatling gun is 
designated as the SUU-11B/A by the U.S. Air Force and the XM-18E1 
by the U.S. Army. The army version is shown in Figure 34. The SUU- 
11B/A is the latest version (superseding both the earlier SUU-11/A 
and SUU-11A/A versions for the air force). The difference between 
the current version of this system and its predecessors is that it can 
fire at either of two rates (the earlier versions could only fire at one). 
The Air Force SUU-11B/A can fire at either 3,000 or 6,000 shots per 
minute, while the Army XM-18E1 can fire at either 2,000 or 4,000 
shots per minute. Both systems can carry 1,500 rounds of 7.62mm 
ammunition. The pod weighs about 325 pounds fully loaded. 
Extensive use of reinforced honeycomb composites helps the system 
to attain this light weight. 
The pod can be loaded with standard 7.62mm linked ammunition. 
The ammunition feed system is linkless, but a delinking loader is 
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included in the pod. This allows support personnel to load the system 
without having to delink each round. When the gun system fires, the 
spent cartridge cases are ejected from the bottom of the pod. 

The 7.62mm pod-mounted Gatlings are electrically driven. The 
pod contains the electric drive motor, a battery pack, and all control 
circuitry. The aircraft to which the system is mounted only needs to 
provide a firing signal and a trickle charge to keep the battery pack 
fully energized. 


The GPU-5/A 30mm Lightweight Gun Pod 
Chapter 11 discussed the GAU-8/A 30mm Avenger Gatling gun 
and the A-10 aircraft built around it. The 30mm GAU-8/A is the most 
powerful Gatling gun ever built, and the U.S. Air Force is 
quite pleased with its ability to defeat armored vehicles 
with its depleted uranium kinetic energy penetrator 
ammunition. 

Based on this, General Electric developed a pod- 
mounted version of the GAU-8/A Gatling that extends 
the ability of other fighter and attack aircraft to engage 

armored targets. The resultant pod, the GPU-5/A, can 
be mounted on the A-4 Skyhawk, the A-7 Corsair, the 


Figure 34 (top). The 
U.S. Army XM-18E1 
7.62mm Gun Pod. 
The Air Force version 
is denoted as the SUU- 
11B/A. The system 
can fire at either 
2,000 or 4,000 RPM 
(3,000 or 6,000 for 
the Air Force version). 


Figure 35 (bottom). 
The GPU-5/A mount- 
ed on an F-5 Tiger. 
Note the centerline 
installation, which is 
preferred due to the 
system's aerodynamic 
drag and high recoil 
forces. 


: F-4 Phantom, the F-5 Tiger, the F-15 Eagle, the F-16 Falcon, the F-18 
: Hornet, the F-20 Tigershark, and the OV-10 Bronco. Figure 35 shows 
: a GPU-5/A pod mounted on an F-5 Tiger. 

The GPU-5/A system uses a four-barreled version of the Avenger 
: Gatling gun denoted as the GAU-13/A (the GAU-8/A uses a seven-bar- 
: reled gun). The GAU-13/A is pneumatically driven by a system that is 
: fully contained in the pod. Its firing rate is 2,400 RPM. The GPU-5/A 
: system can be mounted on either the centerline or wing stations (the 
: centerline installation is preferred, however, due to the 30mm’s high 
: recoil forces). Fully loaded with 353 rounds of 30mm ammunition, the 
: system weighs just over 1,900 pounds. 


The 25mm GAU-12/U Gatling Gun 


Another pod-mounted Gatling system that bears mention is the : 
: McDonnell Douglas Harrier AV-8B’s 25mm GAU-12/U. Although this : 
: is not a classic pod-mounted system in the sense that it is not intended : 


: to be interchangeable from one aircraft to the next, nor does it mount 
! on external weapons racks, the complete system is mounted in two 
: pods beneath the AV-8B fuselage. One pod contains the ammunition 
: storage system (which carries 300 rounds), while the other carries the 
: 25mm Gatling gun and its pneumatic drive. A tunnel transports the 
: ammunition from the ammunition pod to the gun pod. The two pods 
: are further unique in that their aerodynamic structure actually pro- 
: vides additional lift to the aircraft. 


: Pod-Mounted 
? Gatling Guns 
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be man carefully opened the crate. He had waited more : 

than a year for this, the latest acquisition in his collec- : 

tion. He felt the excitement that comes from purchasing ' 

a thing of great quality and scarcity, something that one : 

has to wait for no matter how much money is offered. ‘ 
As he gently removed the packing material, he saw that his wait (not to: 12] 
mention his $14,000) had been well worth it. The mahogany and pol- : 
ished metal Gatling gun was exquisite. 


The story of the Gatling gun is truly amazing. As explained 
throughout this book, the weapon’s history extends from the Civil War 
to today’s modern weaponry. Modern Gatlings are used in all sorts of 
contemporary high-technology weapons systems: tank-killing aircraft, 
saturation fire cargo aircraft, tactical jet fighters, ships, and antiaircraft 
applications. All of this, to students of history and high-technology 

: weaponry alike, is amazing. In a small town in Utah, however, some- 

: thing even more amazing is going on. Gatling guns true to the original 
designs of Dr. Gatling are being manufactured, and they’re selling as 
quickly as they can be produced. 


The Miniature Cannon Business 

In 1961, a man named Karl Furr began a hobby he never dreamed 
would become a profitable enterprise. Out of a demand for fine crafts- 
manship and an appreciation for the weapons of a bygone era, he 
began making miniature cannon. Furr’s products were recognized as 
unique and perfect replicas, and the Furr Arms business grew to 
include family, friends, and neighbors. 

At first, Furr’s primary product was a 1/6-scale James six- 
pounder cannon. These miniature cannon represent perfection, 
and anyone who has seen Furr’s work will tell you that his compa- 
ny’s products are simply exquisite. The James six-pounder cannon 
have solid brass barrels and black walnut carriages. They come 
equipped with miniature brass display balls, a ramrod, and the 
bucket and rope used to maintain the gun. Brass rims are heated 
and shrink-fitted to the fourteen-spoke walnut wheels. In recent 
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years, sixteen of Furr’s 1/6-scale James cannon replicas have even 
been used to provide the cannon blasts in symphony orchestra per- 
formances of Tschaikovsky’s 1812 Overture. 

The product line soon expanded to include other miniaturized 
cannon and a variety of Gatlings. Furr’s cannon business grew, 
primarily as a result of the craftsmanship and perfection evident 
in his products. He soon offered 1/12-scale, 1/6-scale, and 1/3- 
scale models of the James cannon. These were followed by repli- 
cas of the 32-pounder lower-deck guns found on the HMS Victory. 


: Both 1/10- and 1/3-scale versions (in brass or black walnut) are 
available. 


Machine Gun 


The Gatling Challenge 
In 1968, Karl Furr and a close associate, Paul Kuhni, were chal- 


lenged by a customer to build a miniature Gatling gun. Their first pro- 
* ject was a 1/3-scale Model 1883. This project held many challenges, 


not the least of which was converting the mechanism design from the 
centerfire .45/70 to the rimfire .22 cartridge. In succeeding years, the 
company added new versions of different miniaturized Gatling guns 
to its product line in several scales and calibers, ranging from a cus- 
tom-made 1/6-scale .12-caliber version to a 3/4-scale model in the 
powerful .357 Magnum. Because Furr Arms has always emphasized 
attention to detail in every aspect of the guns it manufactures, produc- 
tion time can take as long as several hundred hours per gun. The fir- : 
ing mechanism is true to the original Gatling design, with the only | 
changes being those necessary for the guns’ reduced size and to han- | 
dle different cartridges. 

The Furr Arms factory is small, yet it has all of the machinery | 
required to produce all of the parts necessary for the miniature | 
Gatlings and the cannon replicas. Castings are designed in miniature | 
from original Gatling guns (the Furrs cast these items in their own } 
foundry). All brass parts are custom machined and polished to a high | 
luster. Wooden parts receive five hand-rubbed coats of gun stock fin- 
ishing oil. 

Today the company manufactures a carriage-mounted Model 
1883 (with ten barrels in an enclosed brass tube and an Accles 
feed), a tripod-mounted Model 1893 (with six barrels, also in an 
enclosed brass tube), a Model 1893 Police Gatling, a carriage- 
mounted Model 1874 Gatling (the company’s most popular model, 
with ten exposed barrels and a Broadwell feed drum), and the lat- 
est edition, the Model 1876 Camel Gun. The guns are offered in | 
several sizes, including 1/6-scale, 1/3-scale, 1/2-scale, and 3/4- 
scale. Specifications for the various Furr Arms replica Gatlings are 
shown in Tables 15-1 through 15-6. 


Table 15-1 
1/3-scale Model 1883 Gatling specifications 
Height: 21" 
Length: 35" 
Caliber: .22 short 
Width: 24" 
Weight: 45 Ibs. 


Table 15-2 
1/6-scale Model 1893 Gatling specifications 
Height: 10" 
Length: 8.5" 
Caliber: .12 
Width: 8.5" 
Weight: 3.5 lbs. 


Table 15-3 
1/3-scale Model 1893 Gatling specifications 
Feient. 20! 
Length: 17" 
Caliber: .22 short 
Width: 17" 
Weight: 20 lbs. 


Table 15-4 
1/2-scale Model 1876 Gatling specifications 
Height: 28" 
Length: 34" 
Caliber: .22 Long Rifle 
Width: 31" 
Weight: 78 lbs. 


Table 15-5 
1/3-scale Model 1874 Gatling specifications 
Height.20" 
Length: 36" 
Caliber: .22 short 
Width: 24" 
Weight: 45 Ibs. 


Table 15-6 
1/6-Scale Model 1874 Gatling Specifications 
HeichtelO:5" 
Length: 17.5" 
Caliber: .12 
Width: 12" 
Weight: 5 lbs. 
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The Future of the 
| Gatling Gun 


Ithough the pace of conventional weapons development : 
has remained brisk, and other weapons systems (most : 
notably the Chain Gun mentioned in Chapter 9) have | 
made inroads into applications well-suited to the Gatling | 
gun, it is unlikely that the Gatling gun will do anything : 

: other than evolve and continue to be found ideally suited for a variety 125 

: Of tactical weapons applications. A gun system concept that has sur- : 

: vived for 130 years and sees current use on dozens of U.S. and allied 

weapons platforms is not going to disappear. 

There are a variety of reasons the Gatling concept will survive, and 

: Gatling guns will continue to arm new weapons platforms. The 

: Gatling offers several inherent advantages over other single-barreled 

: systems, including ultrahigh rates of fire and inherent reliability Gf a 

: round fails to fire in a Gatling, it is simply rotated through the action 

: and cleared). The Gatling’s high firing rate allows for covering a wide 

: target area, which is something the single-barreled weapons cannot 

duplicate. Single-barreled weapons can make up for this with more 

: precise shot placement, but to do so requires more sophisticated radar 

: and other detection and targeting schemes. Such systems can work, 

: but they necessarily entail much greater complexity, and with this 

: comes reduced reliability and mission availability. 


Emerging Technologies 

New gun and ammunition developments will also make the 
: Gatling gun more attractive in future weapons systems applications. 
' Four promising new technologies are ring airfoil projectiles, monolith- 
' ic grain propellants, case-telescoped ammunition, and gas guns. 

Ring airfoil projectiles are basically projectiles shaped like toroidal 
' wings (imagine an airplane wing wrapped around to form a dough- 
' nut, as shown in Figure 36). When a ring airfoil projectile spins and 
' travels through the airstream, it generates lift. 

Here’s what’s unique about ring airfoil projectile technology: as 
' the projectile slows, its center of lift moves forward with respect to its 
i center of mass. This has the effect of tilting the projectile slightly to the 
: rear, which increases its lift. The projectile can be designed such that 
' the velocity reduction is matched to the tilt-induced increase in lift. 
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’ The net effect is a trajectory that is very nearly flat and a tremendous 


increase in range. Ring airfoil projectiles can also be configured to 
carry a fuze and high explosive, offering great promise. As the ring 
airfoil projectile concept matures, it can only serve to make all gun 
systems (including the Gatling) more attractive. 

Monolithic grain propellants offer an entirely new propellant 
concept (one that is more in line with solid propulsion rocket 
motors than conventional ammunition propellants). Instead of 
thousands of tiny powder granules in each cartridge case, the 
monolithic grain propellant has a solid ring of propellant material 
behind the projectile Gmuch like a solid rocket motor). The concept 
is shown in Figure 37. 

When a monolithic grain propellant cartridge is fired, the propel- 
lant has a more sustained burn rate than that of a conventional car- 
tridge. The result is that instead of the projectile seeing a sharp pres- 
sure spike, it sees a sustained pressure for most of its travel through 
the gun barrel. With monolithic grain propellants, muzzle velocities in 
excess of 5,000 fps are possible (conventional muzzle velocities are 
typically in the 3,000 fps range). The increase in muzzle velocity will 
result in shorter times to the target and increased lethality (especially 
for kinetic energy kill mechanisms). 

Cased-telescoped ammunition represents yet another new tech- 
nology. The concept is shown in Figure 38. Instead of the more con- 
ventional ammunition configuration shown in Figure 37, the cased- 
telescoped round is a right circular cylinder. Prior to firing, the projec- 
tile is inside the cartridge case. When the round is fired, a precursor 
charge fires and pushes the projectile into the barrel. As soon as the 
projectile enters the barrel, the main propellant charge fires, complet- 
ing the firing sequence. 

The advantage of cased-telescoped ammunition is that it greatly 


Forward View 


Figure 36. The ring 
airfoil projectile con- 
cept. This amazing 
new development 
adds both range and 
flatness of trajectory to 
projectiles and is ide- 
ally suited for Gatling 
gun applications. The 
projectile is a dough- 
nutlike arrangement 
with a cross-section 
shaped like an airfoil. 
As the projectile slows, 
it tilts rearward, gen- 
erating additional lift. 


Monolithic 
Grain 
Propellent 


Figure 57. The mono- 
lithic grain propellant 
concept. Instead of 
numerous individual 
gunpowder grains, the 
monolithic grain con- 
cept has a single large 
grain with a passage- 
way in the center. The 
single grain acts more 
like a rocket motor 
than conventional 
ammunition propel- 
lants, offering greatly 
increased muzzle 
velocity at sustainable 
barrel pressures. This 
and other ammuni- 
tion developments 
assure the future of 
new gun systems, 
including the Gatling. 
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simplifies the ammunition storage and feed challenges associated 
with all gun systems and, in particular, with the feed and storage 
systems associated with high-rate-of-fire Gatlings. It’s much easier to 
mechanically handle a simple cylinder than it is to cycle a conven- 
tional cartridge. Cased-telescoped ammunition also offers the poten- 
tial for carrying larger quantities of ammunition. Most modern 
Gatling systems have ammunition capacity constraints that are driv- 
en by volumetric (rather than weight) considerations. General Elec- 
tric, under contract with the U.S. Air Force, developed a fully opera- 
tional 20mm Gatling gun using cased telescope ammunition. This 
gun system (referred to as the High Performance 20mm Cased- 
Telescoped Gun System) is shown in Figure 39. The high-perfor- 
mance gun has only half as many parts as the conventional M61A1 
Vulcan cannon, and only one-third the number of moving parts. 
Ballistic improvements from the cased-telescoped ammunition dou- 
ble the gun system’s projectile kinetic energy. 

Gas guns represent another new technology that is already being 
applied experimentally to the Gatling. The concept involves a liquid 
or gas propellant being injected into a cylinder behind the projectile 
and then ignited to propel the warhead downrange. This simplifies 
the ammunition feed and storage even further (the system only has to 
handle projectiles instead of complete cartridges). 


A Return to the Guns Versus Missiles Argument 
In an earlier chapter we discussed the relative merits of guns ver- 
sus missiles as aircraft armament for air combat fighters. This argu- 
ment will likely continue. Future U.S. plans for aircraft armament are 
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shrouded in secrecy on aircraft such as the F- 
117 Stealth fighter (which is believed 
not to have any gun system), 
the Air Force’s- 
Advanced 
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Tene tic an 
Fighter, and the 
Navy’s Advanced 
Tactical Aircraft. 
The F-117 Stealth fighter is 
not really an air combat fighter (its 
principal mission is to go in first against 
enemy air defense installations and defeat them to 
clear the way for other nonstealth aircraft). In a very real sense, the 
Stealth fighter is more like a mini-Stealth bomber (with an emphasis 
on tactical as opposed to strategic targets), and not an air-to-air com- 
batant in the classic sense. 


Air Defense 

In the air defense role, the future of the Gatling is secure. The 
attempt to replace the Vulcan Air Defense System with the 
DIVAD (a non-Gatling-based gun system) ended dismal- 
ly. Vulcan Air Defense Systems are still in service 
after defending forward area troops for a 
quarter of a century. New forward 
area air de- 


fense  sys- 
tems seem to cen- 
ter around combinations 
of either 25mm or 30mm 
Gatlings and a vehicle-based version 
of the Stinger antiaircraft missile. If the 
United States opts to replace its Vulcan Air 
Defense Systems, it is likely to do so with a sys- 
tem that includes a Gatling gun. 
The Close-In Weapon Systems (CIWS) discussed in 
Chapter 13 will continue to evolve. For all their might, modern sur- 
face combat ships were essentially defenseless against sea-skimming 
antiship missiles until the Phalanx system was developed. The British 
Goalkeeper, a 30mm CIWS, will undoubtedly find new markets in other 


Figure 38. The cased- 
telescoped ammuni- 
tion concept. The 
right circular cylinder 
configuration simpli- 
fies the ammunition 
feed and storage chal- 
lenge, which promises 
increased ammunt- 
tion payloads for 
future Gatling-based 
systems. 


Figure 39. General 
Electric’s High Perfor- 
mance 20mm Cased 
Telescoped Gun 
System. The new sys- 
tem offers numerous 
advantages over the 
conventional 20mm 
Vulcan, including 
twice the projectile 
kinetic energy, lighter 
weight, smaller size, 


i fewer parts, increased 


reliability, simplified 


feed systems, and the 


potential to carry 
more ammunition in 
volume-constrained 
applications. 


allied nations. Numerous studies have examined the feasibility of 
“upgunning” the U.S. 20mm Phalanx CIWS, and as the threat to ship- 
ping continues to evolve, it is likely that Phalanx will both find new 
markets and be retrofitted with new 25mm Gatlings. 


This book has outlined the development of the Gatling gun from 
its inception during the Civil War to its current applications on a vari- 
ety of modern combat systems. The Gatling gun concept has proven 


system and those values for which the United States stands. 


: The Future of 
itself to be, in a very real sense, timeless. Future weapons systems will : 


no doubt continue to apply the engineering elegance inherent to Dr. 
Gatling’s design, assuring the survival of this most interesting weapons : 
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